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MEMORANDUM 


1 .  Background 

(C)  The  Southeast  Asia  conflict  has  demonstrated  the  need  for  a 
short  range  air-to-air  weapon.  As  a  result,  several  dogfight  missiles 
are  being  developed,  namely,  AGILE,  AIM-7E-2/F  and  a  dogfight  AIM-9. 

The  need  therefore  arises  for  a  definition  of  the  dogfight  environment 
in  terms  of  design  requirements  (so  that  system  components  can  be  made) 
for  weapon  control  systems  caprble  of  operating  in  this  dogfight  envir¬ 
onment  . 

2.  Findings 

(C)  This  study  defines  the  dogfight  environment  in  terms  of  a 
tracking  weapon  control  system.  It  is  shown  that  the  present  airborne 
intercept  (AI)  radars,  and  in  particular  their  range  and  angle  tracking 
circuits,  are  not  capable  of  handling  the  dogfight  weapon  control  prob¬ 
lem.  More  importantly,  however,  the  tracking  requirements  for  a  weapon 
control  system  are  defined  in  terms  of  cumulative  probability  distribu¬ 
tions  . 

3.  R  &  D  Implications 

(C)  This  study  shows  that  full-sphere  tracking  capability  is  de¬ 
sired  for  the  dogfight  environment.  Coupled  with  this  feature,  an 
extremely  rapid  automatic  lock-up  and  very  wide-bandwidth  tracking 
loops  are  required.  Full-sphere  tracking  may  require  the  development 
of  a  completely  new  type  of  tracking  system. 

4.  Recommended  Action 


(C)  It  is  recommended  that  models  of  the  present  AI  radars  be  uti¬ 
lized  to  evaluate  the  recommended  tracking  parameters.  It  is  further 
recommended  that  a  study  be  undertaken  to  design  the  360°  tracking 
loops  required  for  full-sphere  tracking  capability. 
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ABSTRACT 

(U)  The  primary  objective  of  this  study  is  to  define  the  dogfight 
environment  in  terms  of  a  tracking  system.  Ihe  secondary  objective 
is  to  apply  this  dogfight  definition  to  present  AI  radars. 

(U)  This  study  is  divided  into  two  efforts,  a  determination  of  the 
primary  weapon  control  requirements  and  a  pa  rnmeter  interaction  study. 
The  purpose  of  the  primary  weapon  control  requirements  study  is  to 
define  the  dogfight  environment  and  to  Investigate  the  relationship  of 
aircraft,  tactics,  weapons,  and  the  available  data  base.  The  purpose 
of  the  parameter  interaction  study  is  to  define  the  dogfight  environ¬ 
ment  more  precisely  in  terms  of  tracking  loop  requirements,  clutter 
problems,  and  glint. 


PROBLEM  STATUS 

(U)  The  two  studies,  the  primary  weapon  control  requirement 
study  and  the  parameter  interaction  study,  have  been  completed.  Work, 
however,  continues  on  interpretation  of  the  data  developed  during  the 
parameter  interaction  study. 

(U)  Tracking  models  for  Al  radar  are  being  developed  to  determine 
the  effects  of  the  recommended  tracking  parameters  on  these  radars. 
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Short  Range  AJ.r-to-Air  Weapons  Control  Requirements 


I .  INTRODUCTION 


Background 


(C)  In  the  past,  Naval  airborne  intercept  (AI )  radars  were 
designed  to  intercept  non-maneuvering  bomber  targets.  Since  these 
radars  were  designed  to  detect  and  track  such  targets  at  long  range, 
they  required  a  high  power  but  relatively  little  angular  coverage. 
Further,  since  these  bomber  targets  have  low  maneuvering  capabilities, 
the  radars  were  designed  with  low  tracking  rates  and  accelerations. 

With  these  restrictions  these  radars  were  severely  limited  in  their 
short-range  air-to-air  capability. 

(C)  The  Southeast  Asian  conflict  has  shown  that  superiority 
in  the  short-range  air-to-air  (dogfight)  engagement  is  a  critical 
requirement  for  today's  Naval  aircraft.  Many  reportB  attest  to  this 
fact,  the  best  known  being  the  "Red  Baron"  (1)  reports. 

(C)  A  short-range  weapon  is  required  in  a  dogfight  engagement. 
To  fulfill  this  need,  a  dogfight  missile  (AGILE)  is  currently  being 
developed  by  The  Naval  Weapons  Center  (NWC) ,  China  Lake  (Refs.  2, 3, 4, 5, 
6,7,8).  In  addition,  modifications  are  being  made  to  the  AIM-7  Sparrow- 
ill  and  the  AIM-9  Sidewinder  missiles  to  provide  a  dogfight  capability. 

(C)  With  the  development  of  dogfight  missiles,  the  need  for  a 
short  range  air-to-air  weapon  control  system  (WCS)  becomes  evident. 

The  nature  of  the  dogfight  environment  requires  that  this  WCS  be  quite 
different  from  those  of  the  present  Al  radars.  The  target,  instead  of 
being  a  slowly  maneuvering  bomber  at  long  range,  is  now  a  highly  man¬ 
euverable  fighter  at  close  range. 

B.  Program  Objectives 


(U)  The  primary  objective  of  this  study  is  to  accurately  de¬ 
fine  the  dogfight  environment  in  terms  of  the  tracking  requirements  for 
a  variety  of  WCS.  Many  flight  tests,  computer  simulations,  and  manned 
simulations  have  been  performed  by  many  people  to  gather  data  on  the 
dogfight  environment.  For  the  purpose  of  this  report,  one  of  the 
manned  simulations  and  one  of  the  flight  tests  were  used  to  determine 
the  tracking  requirements.  The  influence  of  specific  weapons  and  their 
associated  kill  probabilities  ate  important  but  fortunately  not  criti¬ 
cal  to  this  study. 


(U)  The  generic  types  of  tracking  systems  investigated  in  this 
,tudy  arc  listed  below. 
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1.  A  typical  AI  radar  ±60°  off  the  nose  in  azimuth  and 
elevation. 

2.  A  tail  warning/tracking  system  having  a  coverage  t60° 
off  the  tall  in  azimuth  and  elevation. 

3.  A  full  sphere  coverage  system. 

(U)  Further  objectives  of  this  study  pertain  directly  to  prob¬ 
lems  associated  with  clutter  and  glint. 

C.  Analytical  Approach 

1.  (U)  This  study  made  use  of  existing  dogfight  data  from  the 

NADC  manned  simulation  and  from  VX-4  flight  tests. 

a.  The  NADC  simulation  consisted  of  two  cockpits  in  which 
two  pilots  simulated  a  dogfight  while  computers  provided  the  aircraft 
dynamics.  Pertinent  details  of  the  simulation  are  given  below.  Full 
details  may  be  found  in  Refs.  9  and  10. 

i.  Each  aircraft  was  modeled  with  6  by  4  degrees  of 
freedom. 

ii.  Each  dogfight  originated  at  15,000  feet  altitude 

with  the  aircraft  abeam  of  each  other  and  separated 
by  2  nm. 

iii.  Three  friendly  and  two  enemy  type  aircraft  were 
simulated . 

iv.  Two  weapon  mixes  were  simulated  for  the  friendly 
aircraft . 

(A)  A  short  range  missile  with  an  all-aspect  and  a 
45°  off-boresight  capability. 

(B)  Guns  and  Sidewinder 

v.  72  dogfights  with  a  given  aircraft  and  weapon  mix 
made  up  one  situation  for  study. 

vi .  Pilot  presentation  was  a  16"  CRT  providing  a  for¬ 
ward  hemisphere  field  of  view  with  the  presentation 
slewable  to  allow  full  cockpit  visibility.  Pilot 
blackout  was  simulated  by  dimming  the  display. 

vii.  The  trained  pilots  were  selected  from  tactics  in¬ 
structors  on  the  F-4  and  F-8  aircraft. 


2 


CONFIDENTIAL 


CONFIDENTIAL 


viii.  Pilots  were  rotated  every  6  encounters. 

b.  The  VX-4  flight  test  data  were  obtained  from  a  simu¬ 
lated  combat  of  two  F-4  aircraft.  Pertinent  characteristics  of  the 
VX-4  data  are : 

i.  All  aircraft  position  data  were  obtained  by  beacon 
tracking  of  the  aircraft  with  two  FPS-16  ground- 
based  radars. 

ii.  For  safety,  a  minimum  altitude  of  5,000  feet  was 
required . 

iii.  Approximately  800  seconds  of  useful  data  were  ob¬ 
tained. 

iv.  The  pilots  were  flying  gun/Sidewinder  tactics. 

2.  To  achieve  a  precise  definition  of  the  dogfight  environment, 
the  study  was  divided  into  phases  so  that  the  results  of  each  phase 
could  be  thoroughly  understood  and  applied  in  the  following  phases. 

This  study  is  divided  into  three  phases,  with  the  results  of  the  first 
two  phases  being  the  subject  of  this  report. 

(U)  The  first  phase,  the  primary  weapon  control  requirement 
study,  is  designed  to  assess  the  effects  of  the  various  aircraft,  the 
tactics,  and  the  two  simulations  upon  the  short-range  WCS  requirement. 
The  specific  areas  of  interest  for  the  first  phaBe  are  the  coverage  re¬ 
quirement,  the  maximum  range  requirement,  and  the  tracking  requirements 
as  a  function  of  target  angular  position, 

(U)  The  second  phase  is  the  parameter  interaction  study. 

Based  upon  results  of  the  first  phase,  data  were  selected  for  this  de¬ 
tailed  study  of  tracking  loop  requirements,  clutter,  and  glint.  The 
areas  of  investigation  were  a  forward  tracker,  a  rearward  tracker,  and 
a  full  sphere  tracker. 
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II.  PRIMARY  WEAPONS  CONTROL  REQUIREMENTS 
A.  Program  Description 

(U)  Approximately  157,000  seconds  of  data  are  available  from 
the  two  sources.  A  description  of  the  basic  computer  program  to  reduce 
these  data  is  contained  In  Appendix  A.  This  basic  program  required 
extensive  modification  before  use  on  the  VX-4  data. 

(C)  Table  1  lists  the  simulation,  the  aircraft  type,  and  the 
tactics  by  data  tape  number.  As  will  be  seen  by  the  data  presented 
later  in  this  Section,  the  results,  for  the  parameters  of  interest, 
are  relatively  independent  of  aircraft  type.  For  this  reason,  and  at 
the  request  of  NADC,  the  aircraft  are  designated  by  letters.  Specif¬ 
ically,  three  friendly  aircraft  types,  designated  A,  B  or  C  were  used 
in  the  NADC  simulations.  The  F-4  aircraft  used  in  the  VX-4  flight 
tests  are  designated  by  F. 


TABLE  1. 


Tape 

Number 

Simulation 

Fighter  1 
(Friendly) 

Fighter  2 
(Enemy) 

Fighter  1 
Tactics 

Fighter 

Tactics 

1 

NADC 

C 

E 

SRAAM* 

G/S 

2 

NADC 

C 

D 

G/S** 

G/S 

3 

NADC 

A 

E 

G/S 

G/S 

4 

NADC 

A 

D 

SRAAM 

G/S 

5 

NADC 

B 

D 

SRAAM 

G/S 

6 

NADC 

B 

E 

G/S 

G/S 

101 

VX-4 

F 

F 

G/S 

G/S 

*  Short  Range  Air-To-Air  Missile 
**  Guns/Sidewinder 

(U)  The  data  reduction  for  this  phase  of  the  study  was  carried 
out  in  three  parts,  (1)  azimuth  vs  elevation  of  the  target  va  frequency 
of  occurrence,  (2)  angle  off  boresight  vs  range  of  the  target  vs  fre¬ 
quency  of  occurrence,  and  (3)  tracking  rates  and  accelerations  as  a 
function  of  relative  target  position. 

1.  Azimuth  vs  Elevation  of  the  Target  vs  Frequency  of  Occur¬ 
rence 

(U)  The  results  of  this  study  are  shown  in  Figs.  A-2  to 
A-15,  Appendix  A.  Hie  purpose  of  these  plots  is  to  determine  the  most 
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likely  position*  of  the  target  with  respect  to  the  fighter  in  aircraft 
coordinates.  Figure  1,  an  example  of  these  plots,  was  computer  gener¬ 
ated  from  tabulated  data  with  a  linear  interpolation  between  the  azi¬ 
muth  ■elevation  points.  Because  of  this  interpolation,  these  plots  are 
qualitative  and  are  presented  only  for  visualization  purposes.  Quant' ■ 
tative  data  are  given  later  in  this  report. 

(C)  Figure  1  is  a  three-dimensional  plot  o*  target  posi¬ 
tion  with  respect  to  the  fighter  (Fighter  1  in  this  cas>  as  experi¬ 
enced  in  72  three-minute  encounters.  Hie  azimuth  positi  .  of  the  tar¬ 
get  with  respect  to  the  fighter  is  plotted  along  the  X-axis  (180°  is 
the  tail-on  position  and  0°  is  head-on).  The  corresponding  position  of 
the  target  in  elevation  with  respect  to  the  fighter  Is  plotted  along 
the  Y-axis.  Directly  underneath  the  fighter  is  designated  -90°  and 
directly  overhead  is  +90°.  The  frequency  of  occurrence  during  the  72 
three  minute  encounters  is  plotted  along  the  Z-axis.  It  cen  be  seen 
that  the  target  is  below  the  fighter  a  very  small  portion  of  the  time. 
Further,  the  target  is  within  approximately  30°  in  azimuth  off  the  nose 
and/or  tail  of  the  fighter  a  majority  of  the  time.  The  plots  for  all 
the  aircraft  show  the  same  general  trend  with  wide  variation  in  the 
amplitude  of  forward  and  rearward  peaks. 

2.  Angle  Off  Boresight  vs  Range  to  the  Target  vs  Frequency 

of  Occurrence. 

(U)  The  results  of  this  study  are  shown  in  Fig.  A-16  to 
A-29,  Appendix  A.  These  plots  portray  the  dependence  of  range  on  angle 
off  boresight.  In  Lhe  collection  of  the  data,  the  cell  sizes  (segment 
of  range  at  a  segment  of  angle  off  boresight)  were  not  chosen  to  be 
equal,  which  makes  the  interpretation  of  these  plots  difficult. 

(C)  Referring  to  Fig.  2,  which  is  an  example,  it  can  be 
noted  that  the  distribution  of  range  is  independent  of  angle  off  bore¬ 
sight.  This  feature,  noted  in  all  the  data,  can  be  seen  by  the  ridges 
and  valleys  which  are  constant  in  range,  regardless  of  angle. 

3.  Tracking  Rates  and  Accelerations  as  a  Function  of  Relative 

Target  Position. 

(U)  The  purpose  of  this  portion  of  the  study  was  to  obtain 
an  estimate  of  the  tracking  requirements  as  a  function  of  target  posi¬ 
tion  with  respect  to  the  fighter.  Figure  3  depicts  the  various  gimbal 
angle  zones  which  were  investigated.  The  total  sphere  around  the  fight¬ 
er  aircraft  is  divided  into  a  top  and  a  bottom  hemisphere.  Each  hemi¬ 
sphere  is  divided  into  forward,  rearward,  side,  and  top  (bottom)  zones 
of  coverage.  The  zones  are  grouped  in  the  following  manner: 
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a.  Conventional  AI  radar  coverage  -  zoneB  1  and  2. 

b.  Rearward  coverage  -  zones  3  and  4. 

c.  Top  and  bottom  coverage  -  zones  5  and  6. 

d.  Side  coverage  -  zones  7  and  8. 

(U)  The  results  of  the  data  reductions  are  presented  in 
Figs.  A-30  to  A-125,  Appendix  A,  as  bar  graphs,  with  fourteen  bars  de¬ 
picting  the  various  aircraft,  weapons,  and  simulations  as  shown  in 
Table  1.  The  parameters  listed  below  are  of  specific  interest  in  the 
design  of  the  tracking  loops  for  a  weapon  control  system. 

a.  The  percent  of  time  that  the  target  was  in  a  particu¬ 
lar  gi.tnbal  angle  zone.  1hiB  assesses  the  importance 
of  the  various  zones. 

b.  The  statistics  of  range,  Figures  A-38  to  A-45  (11). 

c.  Range  rate,  Figures  A-46  to  A-53. 

d.  Range  acceleration,  Figures  A-54  to  A-Gl. 

e.  Azimuth  line-of-sight  rate,  Figures  A-62  to  A-69. 

f.  Azimuth  line-of-sight  acceleration.  Figures  A-70  to 
A-77. 

g.  Elevation  line-of-sight  rate,  Figures  A-78  to  A-85. 

h.  Elevation  line-of-sigh t  acceleration,  Figures  A-86  to 
A-93. 

i.  Azimuth  gimbal.  rate,  Figures  A-94  to  A-101. 

J.  Azimuth  gimbal  acceleration,  Figures  A-102  to  A-109. 

k.  Elevation  gimbal  rate,  Figures  A-110  to  A-117. 

l,  Elevution  gimbal  acceleration,  Figures  A - 11 8  to  A-125, 

(U)  Using  Fig.  4  as  an  example,  the  average  value  of  all 
range  rate  values  experienced  during  72  three  minute  encounters  is  shown 
as  a  line  through  the  Bhaded  area  of  each  bar.  The  2  cr  values  (957,)  are 
shown  as  the  shaded  area  In  each  bar  and  die  minimum  and  maximum  values 
are  shown  as  the  full  extent  of  endi  bar.  In  order  to  accurately  por¬ 
tray  these  values,  a  log  scale  is  used  on  the  ordinate  axis.  The  use 
of  the  log  scale  expanded  the  data  about  zero  to  show  the  average  and 
2 0  values,  and  contracted  the  data  to  show  minimum  and  maximum  values. 

B.  Data  Verification 


(C)  In  general,  the  VX -4  and  the  NADC  data  are  in  close  agree¬ 
ment.  This  can  be  seen  in  Figs,  A-30  to  A-125.  Points  of  disagreement 

are  listed  below. 

1.  In  the  range  plots,  shown  in  Figs.  A-46  to  A-53,  the  mini¬ 
mum  range  in  the  VX-4  data  is  greater  than  in  the  NADC  data.  In  the 

manned  NADC  simulation,  the  fear  ol  aircraft  collision  doeB  not  exist, 
and  therefore,  for  range,  the  VX-4  data  are  more  accurate.  Consequently, 
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conclusions  drawn  from  this  entire  study  will  neglect  Borne  of  the 
short-range  NADC  data. 

2.  The  accelerations  (range,  line-of-sight ,  and  angular)  shown 
in  Figs.  A- 70  to  A-125  are  greater  in  the  VX-4  data.  The  VX-4  data, 
based  on  ground-based  radar  tracking  information,  are  very  noisy,  and 
differentiations  amplify  the  noise  and  render  the  accelerations  suspect. 
For  this  reason  the  VX-4  data  were  not  used  for  analyzing  accelerations. 

3.  The  amount  of  VX-4  data  is  small  compared  to  the  amount  of 
NADC  data.  At  times,  there  were  insufficient  VX-4  data  from  which  to 
develop  meaningful  statistics. 

For  the  above  reasons,  further  analyses  in  this  program  will 
use  NADC  data  with  limits  being  Imposed  by  the  VX-4  data. 

(C)  A  direct  analysis  of  the  differences  in  WCS  requirements 
brought  about  by  aircraft  type  was  a  goal.  However,  of  the  combina¬ 
tions  possible  from  3  friendly  and  2  enemy  aircraft,  and  2  weapon  mixes, 
only  six  were  available  for  analysis.  But,  in  general,  the  data  reflect 
little  direct  change  with  the  aircraft  type  with  the  exception  of  the 
relative  importance  of  tail  and  forward  coverage.  For  this  reason,  the 
2  a  values  for  the  worst  case  are  cited  in  the  conclusions  of  this 
phase  of  the  report, 

(U)  In  Figs.  A-2,  A-6,  and  A-12,  it  can  be  seen  that  the 
friendly  aircraft  have  an  advantage  over  the  same  enemy  aircraft, 
fighter  E.  This  was  the  only  discernible  effect  of  influence  by  air¬ 
craft  type. 

C.  Coverage  Requirement 

(C)  The  WCS  coverage  requirements  are  shown  graphically  in 
Section  A-2  of  Appendix  A.  As  might  be  expected,  the  upper  hemisphere 
is  extremely  important,  as  is  the  forward  zone  of  approximately  ±30° 
azimuth.  Alao,  it  is  important  to  be  able  to  track  the  target  in  the 
off  tall  zone.  This  Indicates  a  need  for  the  upper  hemisphere,  nose, 
and  tail  coverage  for  the  weapon  control  system.  A  trade  off  based  on 
probability  of  occurrence  for  azimuth  and  elevation  coverage  can  be 
made  with  the  use  of  Fig.  5.  Although  the  relative  weights  on  the  tail 
and  noBe  vary  among  aircraft  types,  the  general  distribution  is  independ¬ 
ent  of  aircraft  type. 

D.  Hacking  Parameter  Variations  aB  a  Function  of  Coverage  Areas 

(U)  For  the  reporting  of  the  results  of  this  section,  the  area 
around  the  fighter  aircraft  is  broken  into  five  zones: 
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1.  The  forward  £60°  in  azimuth  and  elevation  -  nose  sector. 

2.  Hie  rear  £60°  in  azimuth  and  elevation  -  tail  sector. 

3.  Hie  top  and  bottom  £30  cones  -  top  and  bottom  cones. 

4.  The  side  sectors  i60°  In  elevation  and  between  *60°  and 
tl20°  azimuth  -  side  sectors. 

5.  Total  sphere  coverage. 

(U)  The  values  quoted  in  Table  2  are  maxima  of  the  2  a  values 
(957.  based  upon  normal  distribution  assumption)  except  for  the  total 
sphere  coverage  case,  for  which  maximum  and  minimum  are  quoted.  The 
bottom  side  sector  and  the  bottom  tail  sector  were  not  used  in  the 
determination  of  rates  and  accelerations  for  the  table  because  of  their 
low  frequency  of  occurrence.  Their  small  sample  size  makes  the  normal 
distribution  assumption  less  valid;  therefore,  confidence  is  reduced  in 
the  2  a  value  containing  957.  for  the  data.  It  is  also  Important  to 
note  that  the  data  in  Section  A-4  of  Appendix  A  is  divided  into  8  sec¬ 
tors,  which  differs  from  the  division  of  data  shown  in  Table  2. 
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TABLE  2  -  TRACKING  PARAMETER  VARIATIONS  AS  A  FUNCTION  OF 

COVERAGE  AREA. 


CONFIDENTIAL 


14 


CONFIDENTIAL 


CONFIDENTIAL 


III.  PARAMETER  INTERACTION  STUDY 
A.  Program  Description 

(U)  In  Section  II  of  this  report,  the  mean  plus  or  minus  to 
values  for  the  tracking  parameters  were  given.  In  order  to  assign  a 
probability  to  these  numbers,  a  distribution  must  be  assumed.  If  a 
normal  distribution  is  assumed,  then  the  average  plus  to  yields  a  95 % 
probability.  In  this  section  of  the  report,  the  actual  distributions 
of  the  parameters  were  determined  and  the  actual  probabilities  found. 

In  addition,  the  actual  distribution  of  two  related  parameters  were 
determined  thus  enabling  the  determination  of  a  single  probability  for 
two  related  parameters,  such  as  the  range  rate  and  range  acceleration. 

(C)  The  basic  computer  program  description  is  contained  in 
Appendix  B.  This  program  has  the  capability  of  computing  a  two-variable 
cumulative  distribution  with  average  and  la  of  the  dwell  time  for  any 
parameters  of  interest.  The  program  haB  the  further  capability  of  cal¬ 
culating  a  frequency  diatribution  in  the  third  dimension  and/or  collect¬ 
ing  the  data  by  gimbal  angle  off  nose  and  off  tail  of  the  fighter  air¬ 
craft.  Further  restrictions  such  as  minimum  range,  maximum  range,  etc., 
can  be  applied  to  the  data. 

(U)  Tape  1  was  used  for  this  study  because  by  the  primary 
weapon  control  study  it  was  shown  to  be  a  good  representative  of  the 
dogfight  engagement.  For  the  parameters  of  interest,  the  to  values 
do  vary  somewhat  for  the  various  tapes  (Appendix  A).  As  an  example 
of  the  continuing  verification  of  the  reaultB  of  the  parameter  inter¬ 
action  study,  tape  3  in  addition  to  tape  1  was  used  In  analysis  of  the 
tracking  parameters.  A  comparison  of  the  results  from  these  two  tapes 
showed  *'iat  for  the  primary  area  of  interest  (the  90%  to  997,  probability 
of  track),  the  results  were  the  same.  In  the  lower  probability  of 
track  region,  tape  3  showed  a  higher  rate  and  acceleration  requirement 
than  tape  1 . 

(U)  A  conclusion  to  be  drawn  by  the  comparison  of  the  two 
tapes  is  that  for  the  90%  to  99%  probability  of  track  the  results  of 
tape  1  are  valid  for  all  the  data  tapes.  The  differences  in  the  2  a 
values  between  tapes  ariseB  because  of  the  assumption  of  a  normal  dis¬ 
tribution  made  for  the  primary  weapon  control  requirements  study. 

(U)  The  following  is  an  explanation  of  three  basic  types  of 
parameter  interactions  completed  under  this  study.  It  should  be  noted 
that  the  basic  reduction  method  is  not  restricted  to  the  interactions 
accomplished.  An  example  of  the  flexibility  of  this  program  was  a 
study  to  analyse  the  altitude  clutter  as  a  function  of  range  and  alti¬ 
tude  while  in  the  vertical  scan  lock-up  mode  of  the  AWG-9  radar. 
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1.  Tracking  Parameter  Interactions 

(U)  The  tracking  parameter  Interactions  were  accomplished 
using  a  minimum  range  restriction  of  225  feet  in  order  to  elimate  un¬ 
realistic  rates  and  accelerations  (inside  minimum  range  of  most  track" 
ing  systems)  and  in  order  to  reflect  the  minimum  ranges  experienced  in 
the  VX-4  flight  test.  Furthermore!  the  data  were  collected  for  three 
cases  i60°  off  nose,  160°  off  tail,  and  the  full  sphere  coverage  case. 

(U)  Figure  6  is  representative  of  the  plots  for  the  track¬ 
ing  parameters  contained  in  Appendix  B.  Referring  to  Fig.  6,  the  abso¬ 
lute  value  of  range  rate  is  plotted  versus  the  total  probability  of  oc¬ 
currence.  In  cases  where  the  coverage  is  not  full-sphere,  a  probabili¬ 
ty  normalized  to  the  area  of  coverage  is  shown  alongside  of  the  total 
probability.  The  various  solid  lines  on  the  graph  represent  the  vari¬ 
ations  in  maximum  range  accelerations.  The  average  dwell  timeB  for  the 
conditions  of  range  rate  and  accelerations  are  shown  by  the  dotted  lines. 

(U)  Referring  to  Fig.  6,  and  taking  a  range  rate  capabil¬ 
ity  of  960  ft/sec,  it  can  be  seen  that  the  probability  of  occurrence  of 
range  acceleration  less  than  180  ft/sec*  is  .77.  In  other  words,  with 
a  360°  tracker  with  a  range  rate  capability  of  960  ft/sec  and  a  range 
acceleration  capability  of  180  ft/sec^,  tracking  can  be  accomplished 
777.  of  the  total  combat  time.  Referring  to  the  dotted  lines  on  the 
same  graphs,  the  average  duration  of  the  track  under  these  conditions 
is  approximately  11  seconds.  Further  details  on  the  tracking  perform¬ 
ance  under  these  specific  conditions  can  be  extracted  from  the  tables 
in  Appendix  B. 

The  parameter  interactions  studied  in  the  aforemen¬ 
tioned  manner  are : 

1.  Range  rate  versus  range  acceleration 
ii.  Azimuth  line-of-sight  rate  versus  azimuth  line-of- 
sight  acceleration 

ill.  Elevation  line-of-sight  rate  versus  elevation  line- 
of-sight  acceleration. 

2.  Clutter  Interactions 

(U)  The  clutter  interactions,  like  the  tracking  param¬ 
eter  interactions,  were  subject  to  a  minimum  range  of  225  ft.  and  for 
three  cases:  i6Cr  off  nose,  i60°  off  tail,  and  the  full  sphere  cover¬ 
age  case . 

(U)  Figure  7  is  representative  of  the  plots  for  the 
clutter  interactions  contained  in  Appendix  B.  Referring  co  Fig.  7,  the 
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difference  in  the  range  to  the  target  and  the  altitude  of  the  fighter 
is  plotted  versus  the  total  probability  of  occurrence  and  the  normal¬ 
ized  probability  (normalized  to  the  area  coverage,  in  this  case  t60 
off  nose)  of  occurrence.  The  solid  lines  represent  the  probability 
that  the  azimuth  line-of-sight  rate  is  greater  than  the  value  indi¬ 
cated.  The  dotted  lines  represent  the  average  dwell  time  in  clutter. 
Using  Fig.  7  as  an  example  and  assuming  the  altitude  clutter  return 
has  a  spread  of  1:1000  ft,  the  target  is  within  that  region  4.37.  of 
the  total  combat  time  and  7.8%  of  the  time  when  the  target  is  within 
t60°  of  the  nose  of  the  fighter.  Using  the  Bame  clutter  width,  the 
azimuth  line-of-sight  rate  exceeds  .9°/secz  3.57.  of  the  normalized  time 
for  an  average  duration  of  2.3  seconds. 

(U)  Four  types  of  clutter  were  investigated  as  a  func¬ 
tion  of  range  acceleration,  azimuth  line-of-sight  acceleration,  and 
elevation  line-of-sight  acceleration.  These  three  parameters,  with 
their  time  duration,  were  chosen  because  they  present  the  severest 
problem  in  tracking  through  a  clutter  "blind"  zone.  Hie  servo  or  memo¬ 
ry  systems  are  dependent  upon  the  extrapolation  of  old  information  to 
coast  through  the  clutter.  The  rate  of  change  of  the  old  information 
and  the  associated  blind  time  are  vital  in  order  to  be  able  to  assess 
the  probability  of  a  track  through  clutter.  For  example,  assuming  a 
"blin’  time"  of  2.3  seconds  and  an  azimuth  line-of-sight  acceleration 
during  this  time  of  .9°/aec?,  the  azimuth  angle  error  of  the  tracking 
loop  is  2.38°.  The  four  types  of  clutter  parameterized  are  listed 
below: 


a.  Pulse  Doppler  Main  Beam  Clutter  (see  Fig.  8) 

(U)  The  main  beam  return  of  a  pulse  doppler  radar  has  a 
frequency  shift  and  a  finite  width  dependent  upon  the  main  beam  ground 
return,  the  antenna  beamwidth,  and  the  look-down  angle  from  the  veloc¬ 
ity  vector.  Because  of  this  clutter,  the  area  around  the  mainbeam  re¬ 
turn  is  notched  out.  The  data  presented  in  this  report  can  be  evalu¬ 
ated  for  various  notch  widths. 

The  equation  used  to  position  the  main  beam  clutter 
notch  is  given  below: 


VCBT  -  VT  cos  X AT  cos  X£T 
*  target  velocity 

VCBT  ■  target  contribution  to  the  range  rate 
^AT  *  target  azimuth  angle 
^ ET  “  target  elevation  angle 
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FIG.  8  -  DOPPLER  CLUTTER  SPECTRUM- 
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b.  Pulse  Doppler  Altitude  Line,  fQ  (see  Fig.  8) 

(U)  The  altitude  line  return  in  a  pulse  doppler  sys¬ 
tem  is  the  return  from  the  ground  directly  below  the  aircraft  which  has 
a  doppler  shift  equal  to  the  velocity  of  the  fighter  times  the  9ine  of 
the  climb  angle.  With  the  fighter  flying  straight  and  level,  the  dop¬ 
pler  shift  is  zero,  i.e.,  the  return  from  the  ground  is  at  the  trans¬ 
mitted  frequency  fQ.  This  ground  return  has,  like  the  main  beam  clut¬ 
ter,  a  frequency  spread.  For  this  reason  and  because  of  the  f0  notch 
mechanization  of  the  current  AI  radars,  this  study  used  various  notch 
widths  about  the  transmitted  frequency.  Therefore,  when  the  range  rate 
to  the  target  is  zero,  within  the  tolerance  of  the  notch,  the  target 
is  said  to  be  in  the  notch. 


c.  Pulse  Mainbeam  Clutter  (see  Fig.  9) 

(U)  The  pulse  mainbeam  clutter  is  the  return  of  the 
mainbeam  from  ground.  The  equation  used  for  this  analysis  is  given  be¬ 
low  : 


DELTA-R 


_ HF _ 

sin  (B  +  2.5°) 


R 


DELTA-R  = 

HF 

B 

2.5° 

R 


range  difference  between  target  re¬ 
turn  and  leading  edge  of  mainbeam  clut¬ 
ter  -  ft. 

fighter  altitude  -  ft. 

angle  the  center  of  mainbeam  makes  with 
the  ground  -  degrees. 

the  first  null  on  the  antenna  pattern  - 
degrees . 

range  to  the  target  -  ft. 


Various  widths  of  DELTA-R  were  used  in  order  to  approximate  the  effect 
of  the  various  size  range  gates  used  in  the  AI  radars  of  today. 


d.  Pulse  Altitude  Line  (see  Fig.  9) 


(U)  The  pulse  altitude  line  is  the  ground  return 
directly  below  the  aircraft.  When  the  range  to  the  target  and  the 
altitude  oi;  the  fighter  are  close  to  each  other,  the  target  is  said 
to  be  in  altitude  line  clutter.  As  before,  thiB  clutter  is  investi¬ 
gated  for  various  widths. 


3.  Miscellaneous  Interactions 


(U)  The  primary  interaction  conducted  in  this  portion  of 
the  study  consisted  of  a  preliminary  study  of  radar  glint.  The  objec- 
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PULSE  CLUTTER  SPECTRUM 
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Live  was  to  determine  whether  or  not  glint  is  a  problem  and,  if  so,  to 
ascertain  the  magnitude  of  the  problem.  To  accomplish  this,  the  range 
to  the  target  versus  the  rate  of  change  of  the  target  aspect  was  in¬ 
vestigated  for  various  target  aspects. 

(U)  Another  study  undertaken  in  this  section  was  one  to 
determine  the  minimum  range  distribution.  In  the  previous  study,  pri¬ 
mary  weapon  control  requirements,  it  can  be  noted  that  the  distribu¬ 
tions  given  for  range  were  with  regard  to  maximum  range  only.  This 
study  shows  the  distribution  of  the  other  end  of  the  total  range  dis¬ 
tribution. 

(U)  Also  given  in  this  section  is  the  distribution  of 
the  fighter  "g"  loading. 

B.  Results 

1.  Tracking  Parameter  Interaction 

(U)  Table  3  is  a  summary  of  weapon  system  tracking  re¬ 
quirement  for  a  dogfight  environment.  The  parameter  values  given  are 
the  tracking  loop  requirements  in  terms  of  rates  and  accelerations 
for  90,  95,  and  997.  probability  of  each  loop  retaining  lock.  Appendix 
B  contains  the  curves  and  data  tableB  from  which  these  numbers  were 
extracted.  Through  use  of  Appendix  B.  values  for  different  probabili¬ 
ties  may  be  obtained  and  average  track  times  may  be  determined. 

(U)  The  probability  of  track  in  Table  3  is  expressed  for 
each  track  loop  independent  of  the  other  two  track  loops.  The  rates 
and  accelerations  given  for  each  loop  are  dependent  and  thus  various 
combinations  of  the  two  parameters  can  yield  the  same  probability  of 
track.  For  a  description  of  this  dependence,  refer  to  Appendix  B. 

2.  Clutter  Interactions 

(U)  Appendix  B  contains  the  figures  and  data  used  to  de¬ 
termine  the  probabilities  of  being  in  clutter  and  the  average  duration 
in  the  clutter.  In  addition,  track  errors  at  time  of  emergence  from 
clutter  may  also  be  calculated. 

(U)  Table  4,  in  addition  to  summarizing  the  pulse  and 
pulse  doppler  clutters,  shows  the  clutter  for  a  coherent  pulse  radar. 

A  coherent  pulse  radar  as  used  herein  is  basically  a  short  pulse,  low 
PRF  radar  with  doppler  filters  in  the  range  bins.  The  coherent  pulse 
radar  has  the  same  altitude  clutter  as  a  pulse  radar  but  has  poise  dop¬ 
pler  type  main  beam  clutter.  The  blind  velocity  for  the  main  beam  clut¬ 
ter  notch  filter  is  smaller  than  in  a  conventional  high  PRF  pulse 
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TABLE  3  -  SUMMARY  OF  WEAPON  CONTROL  SYSTEM  TRACKING  REqUi; 
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TABLE  4  -  CLUTTER  SUMMARY  FOR  AI  RADAR 
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u 


doppler  radar.  A  typical  value  for  this  notch  filter  is  t40  ft/aec, 

(U)  Hie  0.05  probability  of  break  lock  error  contained 
In  Table  4  is  the  average  error  in  the  tracking  loop  that  ia  seen  when 
the  target  cones  out  of  the  clutter.  This  error  or  greater  than  this 
error  is  experienced  5%  of  the  tine  the  target  ia  within  AI  radar  cov¬ 
erage. 

(C)  Aa  can  be  seen  in  Table  4,  the  pulae  doppler  system 
has  the  severest  problem  with  clutter.  17%  of  the  time  in  AI  radar 
coverage,  the  PD  radar  is  in  clutter.  It  can  also  be  seen  that  in 
order  to  effectively  use  a  short  pulae  radar,  the  altitude  clutter 
problem  must  be  overcome.  A  signal  atrength  analysis  will  provide 
better  insight  into  the  severity  of  this  problem. 


Miscellaneous  Interactions 


(U)  For  a  complete  description  of  the  interactions  per¬ 
formed  in  this  section,  refer  to  Appendix  B. 


(C)  In  looking  at  the  minimum  range  of  a  dogfight,  it 
was  shown  that  2.57.  of  the  engagement  time  the  two  aircraft  were  with¬ 
in  765  ft.  Of  the  time  the  target  was  within  the  fighters  AI  radar 
coverage,  2.57.  of  the  time  the  target  was  within  1200  ft. 


(C)  In  the  investigation  of  the  aircraft  "g"  loading, 
it  was  shown  that  the  fighter  aircraft  pulled  6  "g"  or  better,  57.  of 
the  time. 


(C)  In  a  preliminary  investigation  of  glint,  it  was  sug¬ 
gested  that  it  is  possible  to  increase  the  tracking  loops'  bandwidth  at 
short  ranges  without  worsening  the  glint  problems.  A  notable  exception 
to  this  is  the  head  on  case  where  the  target  is  nonmaneuvering  prior 
to  a  flyby.  In  this  case,  an  increase  in  bandwidth  will  probably  cause 
an  earlier  break-lock. 
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IV.  CONCLUSIONS 

A.  (C)  In  Section  II  of  this  report,  the  verification  of  the 
NADC  manned  air  combat  simulation  by  VX-4  flight  teats  was  shown. 

B.  (C)  In  Section  II  of  this  report,  the  weapon  control  param¬ 
eter  requirements,  with  the  exception  of  coverage  requirements,  were 
shown  to  be  independent  of  aircraft  and  weapons. 

C.  (C)  In  the  comparison  of  Tables  2  and  3,  it  can  be  seen  that 
distribution  of  the  weapon  control  parameters  is  not  normal.  The  im¬ 
pact  of  this  conclusion  is  that  the  actual  distribution,  an  shown  in 
Section  III,  is  required  in  order  to  arrive  at  valid  weapon  control 
parameters . 

D.  (C)  It  was  shown  in  Section  III  that  the  rates  and  accelera¬ 
tions  for  each  tracking  loop  are  dependent  and  that  they  must  be  con¬ 
sidered  jointly  when  deriving  realistic  tracking  requirements.  To  look 
at  the  parameters  independently,  one  could  erroneously  derive  tracking 
requirements  too  severe. 

E.  (C)  Due  to  the  length  of  time  in  clutter  notches  (Table  4), 
it  is  concluded  that  high  PRF  pulse  doppler  radar  should  not  be  used 
in  the  dogfight  engagement. 

F.  (C)  The  altitude  line  presents  the  severest  clutter  problem 
for  the  short  pulse  mode.  The  occurrences  of  main  beam  clutter  for 
pulse  and  coherent  pulse  radar  modes  are  small  enough  to  be  ignored. 

G.  (C)  Table  5  presents  the  probability  of  track  for  the  AERO- 
1A,  AWG-9,  and  AWG-10  A1  radars  operating  In  the  short  pulse  mode. 

This  table  is  useful  in  determining  the  areas  in  which  improvements 
could  be  made  in  order  to  improve  overall  capability. 

(C)  This  table,  although  specifying  track  loop  probabili¬ 
ties,  gives  the  independent  probabilities  for  the  parameters  listed 
with  the  exception  of  gimbal  angle  by  which  the  rest  of  the  parameters 
were  limited.  The  "worst  case"  total  track  probabilities  assume  the 
independence  of  the  parameters.  The  "best  case"  total  track  probabili¬ 
ties  assume  total  dependence.  The  actual  track  probability  for  each 
radar  is  between  these  two  extremes  and  in  order  to  ascertain  this 
actual  probability,  the  correlation  of  all  these  parameters  must  be 
considered.  This  is  best  accomplished  in  a  tracking  model  of  each 
radar  with  special  emphasis  on  the  treatment  of  altitude  line  clutcer. 

H.  (C)  It  is  apparent  throughout  this  report  that  the  expansion 
of  the  coverage  area  would  yield  the  most  gain  in  track  time.  However, 
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it  is  also  shown  that  the  size  and  shape  of  the  coverage  area  greatly 
influences  the  remainder  of  the  parameters.  Furthermore,  with  expan¬ 
sion  of  the  coverage  area  towards  a  hemisphere,  the  present  type  of 
tracking  loops  would  be  inadequate  to  handle  the  situation. 
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V.  RECOMMENDATIONS 

A.  (C)  It  is  recommended  that  radar  tracking  models  (currently 
under  development)  be  utilised  to  more  precisely  define  the  dogfight 
capabilities  of  present  radars.  These  tracking  models  would  be  further 
utilized  for  the  final  determination  of  the  modifications  to  be  made 

to  the  AI  radars  to  improve  their  dogfight  capabilities. 

B.  (C)  It  is  recommended  that  adaptive  bandwidth  tracking  loops 
be  investigated  as  e.  means  of  coordinating  the  AI  and  the  dogfight 
requirements. 

C.  (C)  It  is  recommended  that  a  pulse  clutter  model,  including 
antenna  patterns  and  terrain  reflectivity,  be  Incorporated  into  the 
tracking  model.  This  is  necessary  in  order  to  properly  size  the  clut¬ 
ter  notches  and  to  optimize  the  track-through  requirements  presented 
in  this  report. 

D.  (C)  This  study  shows  that  glint  should  be  incorporated  into 
the  tracking  model. 

E.  (C)  As  explained  in  this  report,  no  single  data  source  is 
totally  descriptive  of  the  dogfight  environment.  It  is  recommended  that 
an  additional  data  source,  NMC-ACM  free  combat  flight  test  data,  be 
utilized  to  forthev  verify  and  strengthen  the  conclusions  of  this  re¬ 
port  . 


F.  (C)  The  desirability  of  a  total  coverage  tracker  is  evident. 

It  can  be  noted  that  the  present  range-angle  tracking  system  presents 
extremely  high  rates  and  accelerations  around  the  beam  of  the  aircraft. 
It  is  recommended  that  an  investigation  of  alternative  tracking  methods 
be  made.  Candidate  systems  would  be  adaptive  bandwidth  tracking  and  a 
new  tracker  based  on  inertial  coordinates. 

G.  (C)  Although  electro-optical  trackers  could  be  utilized  to 
provide  angle  information,  range  information  would  still  be  required 
for  the  development  of  launch  criteria.  It  is  recommended  that  an  in¬ 
vestigation  of  alternative  ranging  systems  be  made  for  use  with  elec¬ 
tro-optical.  trackers. 
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IX .  APPENDIX 

A.  Primary  Weapon  Control  Requirements 
1.  Data  Reduction  Program 

The  data  reduction  program  for  this  phase  of  the  study  was 
originally  written  to  provide  the  desired  data  from  th$  data  collected 
by  NADC  on  their  manned  simulator.  The  data  provided  by  the  NADC  sim¬ 
ulation  are  shown  in  Table  A-l.  With  much  modification  of  the  data  re¬ 
duction  program,  the  VX-4  data  were  used  to  obtain  the  same  data  out¬ 
put.  The  VX-4  tape  output  (as  supplied  by  NWC)  is  shown  in  Table  A-2. 

The  flow  diagram  of  the  data  reduction  program  used  in  this 
phase  of  the  study  is  shown  in  Figure  A-l. 

The  following  paragraphs  are  a  description  and  derivation 
of  the  equations  used  in  this  data  reduction  program. 
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TABLE  A-l 

QUANTITIES  PRINTED  OUT 
BY  JOHNSVILLE  SIMULATION 

X  -  relative  position  in  earth  coordinates 
Y  -  relative  position  in  earth  coordinates 
H  -  altitude  of  each  aircraft  in  earth  coordinates 
The  following  quantities  are  given  for  both  aircraft. 

'i'  -  course  angle  in  degrees 
6  -  climb  angle  in  degrees 
0  -  roll  angle  of  velocity  vector 
0  -  roll  rate 
ot  -  angle  of  attack 
L  -  lift 
T  -  thrust 
Wp  -  weight  of  fuel 
M  -  mach  number 
W  -  weight  of  fighter 
t  -  time 
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TABLE  A-2 

QUANTITIES  PRINTED  OUT  BY  NMC 
REDUCED  VX-4  FLIGHT  TESTS 

X  -  X  position 
Y  -  Y  position 
Z  -  Z  position 
A  -  angle  off  boreslght 

Ajj  -  acceleration  perpendicular  to  the  velocity  vector 
Al  -  acceleration  along  the  velocity  vector 
t  -  time 
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Hie  inverses  of  these  matrices  are  the  following: 


"cos?  -  sin? 

0‘ 

sin?  cos? 
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b,  Calculation  of  Gimbal  Angles 

Define  an  earth  axis  coordinate  system  such  that  R„£  “ 
AX,  R  -  =  A  Y,  and  R„_  "AH  where  H  corresponds  to  altitude.  The* 
range  between  the  fighter  and  target  is  then  given  by 

RNC  ■  V'SlE2  +  “ye2  +  RZE2  <A'1) 
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In  the  body  axis  system  of  an  aircraft  these  become 


■  M  M  M  CO 


Where  the  aircraft  has  an  angle  of  attack  or  and  a  sideslip 
angle  assumed  to  be  zero.  In  the  antenna  axis,  the  range  lies  along 
the  line-of-sight  or  X-axis  therefore 


Expanding  A-2  and  A-3  and  equating: 

[cos  a  cos  -v  cos  £  -sin  a  (sin  0  sin  £  +  cos  0  sin  f  cosi)]  RX£  + 
[-cos  0  sin  (  +  sin  0  sin  y  cos  0  + 

[sin  c*  cos  7  cos  £  +  cos  a  (sin  0  sin  £  +  cos  0  sin  y  cos  £)] 

[cos  a  cos  y  sin  £  -sin  a  (-sin  0  cos  £  +  cos  0  sin  7  sin  £)]  rye+ 

[cos  0  cos  £  +  sin  0  sin  7  sin  £]  Ryg+ 

[sin  a  cos  7  sin  £  +  cos  a  (-sin  0  cos  £  +  cos  0  sin  7  sin£)]  R 

+  [-cos  a  sin  y  -sin  a  cos  0  cos  7]  R^g  "RNG  cos  cos 
+  [sin  0  cos  7 J  Rze  *  RNG  cos  x£  sin  xA  ^ 

+  [-sin  or  sin  y  +  cos  or  cos  0  cos  7]  R^g  L-RNG  sin  ,\g 


Solving  tlie  three  equations  of  the  matrices  for  and  ^ 

=  -sin  V  [sin  a  cos  7  cos  £  +  cos  a  (sin  0  sin£  +  cos  0  sin  7  cos£)]  R^ 
I  +  [sin  a  cos  7  sin  £  +  coscv(-sin  0  cos£  +  cos  0  sin  7  sin£ )]  RYE 
\+[-sina  sin  7+  cos  0  cos  q  cos  7J  R^ 
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tan  /  [-cos  0  ain  i  +  sin  0  sinY  cos  f]  +  [cos  0  cos  l 
/  +  sin  0  sin  y  ain  j]  Ryg  +  [sin  0  cos  y]  RgE 

I  [coa  a  coaY  cos  $  -sin  a  (sin  0  sin$  +  cos  0  sinY  cosf)]  R^g  + 
I  [coa  a  cosy  ain  f  -sin  a  fsin  0  cos  (  +  cos  0  sin  Y ain  $)]  RyE  + 

Y  [-coa  a  sin  Y  -sin  a  coa  0  cos  73RZE  (A-6)  / 


c,  Calculation  of  W  and  R 


In  the  wind  coordinate  axis  of  the  target,  the  velocity  is 
entirely  in  the  X-direction.  Transforming  this  velocity  vector  to  the 
wind  axis  cf  the  fighter,  the  components  of  velocity  become 


M  [fp]  [**]  'l  [**]" 


(A- 7) 


Expanding  the  matrix  equation; 


VT  [coa  cos  >T  <cos$T  cos£F  +  sin^sin^)  +ain7T  ainy^ 
VT  -([sin  cos  *T  coa  y<j  -  cos  p  ain  T  cos  T  (A-8) 

VT[ain  >p  (  cos £p  coa  $T  cos<yT  +  sin(p  cos7t  ain(T>  '  A“9) 

-  cos  yf  “in  Yt^J  (A-10) 


These  are  the  components  of  the  target  velocity  in  the  modified  wind 
axis  of  the  fighter  where  the  roll  of  the  fighter  has  not  yet  been  in¬ 
cluded.  The  components  of  velocity  of  the  fighter  can  now  be  subtract¬ 
ed  and  the  difference  in  the  velocities  transformed  to  the  antenna  axis 
of  the  fighter  to  give 


M  M  [•]  M 


VTXW  '  VF 
VTYW  "  ° 
VTZW  "  0  . 


(A- 11) 


Here  the  roll  angle  of  the  fighter  has  been  included.  Expanding  A-ll 
and  solving  for  W ^ ,  Wp,  and  ft  results  in 
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WK  [-sin  A  cos  a]  (vTXW"vf)“  [sinXA  sin  a  ®in  <t>  +  cosX A  cos  <t>‘j  VTW 
+[ain\A  sin  a  cos  0  +  cosxA  sin  0]  VTZW  | /RNG  (A-12) 

•Wj  -  |  [sin  xE  cos  xA  cos  a  +  cos  \  £  sin  a]  (VTXW  -  Vp) 

+[sin  \£  (cos  \A  sin  a  sin  0  +  sin  \ A  cos  0)  -  cos  \£ 

cos  a  sin  0]  -  [sin  \g  C0SXA  cos  0  cos  a  -  sin  xE  sinXA 

sin  0  -  cos  0  cosacosx„i  V,  t  /RNG 

EJ  iZWj  (A-13) 

R  -  [cos  Xg  cos  XA  cos  a  +  sin  \g  sin  a] (VTXW  -  Vp) 

■+■  [cos  Xg  (coex^  sin  a  sin  0  +  sinXA  cos  0)  -fsinXg  cos  &  sin0]vTY, 

-[cosxE  (  Cwsx  sin  a  cos  0  -  sinXA  sin  0)  +  sinXg  cos  «  cos  0] 


(A-14) 


d.  Calculation  of  Gimbal  Angle  Rates 


The  aircraft  is  assumed  to  be  acted  upon  by  the  forces 
of  thrust,  gravity,  lift,  and  drag.  Thrust  is  defined  to  be  aligned 
with  the  body  X-axis  of  the  aircraft  and  an  angle  of  attack  a  is  as¬ 
sumed.  In  the  wind  axis  system  of  the  aircraft,  the  acceleration  is 
given  by 


1  ML  F 


^F 


(A- 15) 


ere  and  are  the  aircraft  angular  rates  about  the  wind  axis. 


1  SF 


YW  - 


;  0  +  [■>]  0  +  W  W 


mg  7  (A- 16) 


where  gravitational  force  is  changed  from  the  earth  axis  system  to  wind 
axis  system.  Expanding  (A-16)  and  substituting  in  (A-15)  yields: 
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•  * 

Solving  for  and  \  in  terms  of  W.  and  W  yields: 

A  Cj  j  K. 

\E  =  wj  +  P  sin  XA  -  Q  cos  \A 

XA  -  J"wK  -  P  sin  XE  COS  XA  -  Q  sin  xE  sin  XA  ’  R  cos  XEl/cos 


A~  1 J 
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e.  Glossary 


yaw  angle  of  fighter 
yaw  angle  of  target 
pitch  angle  of  fighter 
pitch  angle  of  target 
roll  angle  of  fighter 
angle  of  attack  of  fighter 
gimbal  angle  in  azimuth 
gimbal  angle  in  elevation 


X-coordincte 

Y-coordinate 


Z-coordinate 


X-coordinate 


Y-coordinate 


Z-coordinate 


of  Range  between  fighter 

and  target  in  earth  axis  system 


of  Range  between  fighter 
and  target  in  body  axis  system 


RNG  “  Range  from  fighter  to  target 


=  Velocity  of  target 

^TXW  "  ^"cc,or^inato  \ 
V.j.yy  ■  Y-coordinate  > 

V„„„,  =  Z-coordinate  ) 
1ZW 


of  velocity  of  target  in  modified 
wind  axiB  Bystem  of  fighter 


R  =  Closing  velocity  between  fighter  and  target 


Wj  »  Space  line  of  sight  rate  measured  about  line  of  sight  X-axis 

Wj  »  Space  line-of-sight  rate  measured  about  line  of  sight  Y-axis 

W  ■  Space  line  of  sight  rate  measured  about  line  of  sight  Z-axis 

K 
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Vp  *  Velocity  of  fighter 
Vp  “  Acceleration  of  fighter 

IK- axis 
Y-axis 
Z-axis 

F._,  ■  X-component 

of  forces  on  fighter 

FyW  *  Y- component 

'  in  wind  axis  system 

Fzw  *  Z-component 

T  ■  thrust 

D  -  drag 

L  ■  lift 

g  -  gravitational  constant 

m  “  mass  of  fighter  and  fuel 

a  »  rate  of  change  of  angle  of  attack 

X^  ■  rate  of  change  of  gimbal  azimuth  angle 

XE  m  rate  of  change  of  gimbal  elevation  angle 
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2.  Azimuth  versus  elevation  of  the  target  verso*  frequency  of 
occurrence  data  plots  are  contained  in  Fig.  A-2  through  Fig.  A- 15. 
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AZIMUTH  ANGLE 
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FIG.A-2  -  TAPE  1  -  FIGHTER  1  - 

ELEVATION  ANGLE 

VERSUS  AZIMUTH  ANGLE 

VERSUS  FREQUENCY 

OF  OCCURRENCE. 
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FIG.  A-4  - 


TAPE  2  -  FIGHTER  1  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 


AZIMUTH  ANGLE 


FIG.  A-S  -  TAPE  2  -  FIGHTER  2  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE . 
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FIG.  A- 6  -  TAPE  3  -  FIGHTER  1  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 
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7  -  TAPE  3  -  FIGHTER  2  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 
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AZIMUTH  ANGLE 


ELEVATION 

ANGLE 


8  -  TAPE  4  -  FIGHTER  1  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 
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G„  A- 11-  TAPE  5  -  FIGHTER  2  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 
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FIG.  A- 12-  TAPE  (1  -  FIGHTER  1  -  ELEVATION  ANGLE 

VERSUS  AZIMUTH  ANGl.E  VERSUS  FREQUENCY 
OF  OCCURRENCE . 
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TAPE  101  -  FIGHTER  1  -  ELEVATION  ANGLE 
VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 
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VERSUS  AZIMUTH  ANGLE  VERSUS  FREQUENCY 
OF  OCCURRENCE. 


A-28 


CON  FIDE  NTT  A! 


CONFIDENTIAL 


3.  Angle  off  boresight  versus  range  to  the  target  versus 
frequency  of  occurrence  plots  are  shown  in  Fig.  A-16  through  A-29, 
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TAPE  2  -  FIGHTER  1  -  RANGE  VERSUS  OFF-BORES IGHT 
ANGLE  VERSUS  FREQUENCY  OF  OCCURRENCE. 
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TAPE  4  -  FIGHTER  1  -  RANGE  VERSUS  OFF-BORE SIGHT 
ANGLE  VERSUS  FREQUENCY  OF  OCCURRENCE. 
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FIG  A-29  TAPE  101  -  FIGHTER  2  -  RANGE  VERSOS  OFF- BORES IGHT 
ANGLE  VERSUS  FREQUENCY  OF  OCCURRENCE. 
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4.  Tracking  parameters  as  a  function  of  target  position  are 
contained  in  the  following  figures: 


a.  Percent  of  time  target  is  in  sector  -  Fig.  A-30  thru  A-37. 

b.  Range  -  Figs.  A-38  through  A-45. 

c.  Range  rate  -  Figs.  A-46  through  A-53. 

d.  Range  acceleration  -  Figs.  A-54  through  A-61. 

e.  Azimuth  line  of  sight  rate  -  Figs.  A-62  through  A-69, 

f.  Azimuth  line  of  sight  acceleration  -  Figs.  A-70  through  A-77. 

g.  Elevation  line  of  sight  rate  -  Figs.  A-78  through  A-85. 

h.  Elevation  line  of  sight  acceleration  -  Figs.  A-86  through 
A-93. 

i.  Azimuth  gimbal  rate:  -  Figs.  A-94  through  A-101. 

j.  Azimuth  gimbal  acceleration  -  Figs.  A-102  through  A-109. 

k.  Elevation  giir.bal  rate  -  Fig.  A-110  through  A-117. 

l.  Elevation  gimbal  acceleration  -  Figs.  A-118  through  A-125. 
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FIG.a-31  -  SUMMARY  OF  GiMBAL  ANGLE 
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-32 -SUMMARY  OF  GIMBAL  ANGLE 


AZIMUTH  GIMBAL  ANGLE  -0s  TO  ±180= 
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FIG.  a-34 -SUMMARY  OF  GIMBAL  ANGLE 
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FIG.  a-35- SUMMARY  OF  GIMBAL  ANGLE 
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AZIMUTH  GIMBAL  ANGLE  -  O*  to  *60* 
ELEVATION  GIMBAL  ANGLE  -  O*  to  *60' 
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FIG.  A-41  -  SUMMARY  OF  RANGE 
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FIG  a-45  -  SUMMARY  OF  RANGE 


FIG.  A-46  -  SUMMARY  OF  RANGE  RATE 
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FIG  .4-47  -  SUMMARY  OF  RANGE  RATE 
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-49  -  SUMMARY  OF  RANGE  RATE 
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FIG.  A-50  -  SUMMARY  OF  RANGE  RATE 


AZIMUTH  GIMBAL  ANGLE  - 
ELEVATION  GIMBAL  ANGLI 


E 


mm  q 


LI  JS 

3  s 

Z  < 

*  5 

N  S 


IDO 


ID! 


1  o 

1 

o 

o 

8  8 

o 

o 

o 

o 

8 

r- 

CM  ^ 

03 

u> 

CM 

1 

i  i 

1 

1 

m 

1  <q) 

aivy 

30N  va 

( 

A-66 

CONFIDE] 

SUMMARY  OF  RANGE  RATE 


AZIMUTH  GIMBAL  ANGLE  -  .60*  to  »1?0* 

ELEVATION  GIMBAL  ANGLE  -  0*  to  *60 


LlI 

h- 

< 

C£ 

LlJ 

CD 

Z 

< 

q: 

u. 

O 

>- 

on 

< 

£ 

D 

i/> 


n 

m 

i 

■<« 

CD 

U_ 


:dentia 


l 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60 
m  Za  VALUE 
□  MIN  a  MAX  VALUE 


CONFIDENTIAL 


FIG.  A-54- SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  A-55-  SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  a-57 -SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  a-58-SUMMARY  OF  RANGE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  -90°  TO  -60” 


FIG.  a-59-SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  A-60-  SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  A-61 -SUMMARY  OF  RANGE  ACCELERATION 
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FIG.  a-62- SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  RATE 
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FIG.  a— 64-  SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  RATE 


AZIMUTH  GIM8AL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  +60°  TO  +90° 
m  2 a  VALUE 
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FIG.  A-67-  SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  RATE 


AZIMUTH  GIMBAL  ANGLE  -  ±60°  TO  ±120° 
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FIG.  a-68—  SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  RATE 
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FIG.  a- 69-  SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  RATE 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60° 
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•IG.a-70-  summary  of  azimuth  line  of  sight  acceleration 
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FIG.  A-73- SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  ACCELERATION 


AZIMUTH  GIM8AL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  *60°  TO  +90° 
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FIG.  A-75- SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -±60°  TO  ±120 
ELEVATION  GIMBAL  ANGLE  — 60°  TO  0° 
m  2  a  VALUE 
□  MIN  8  MAX  VALUE 
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FIG.  a-77- SUMMARY  OF  AZIMUTH  LINE  OF  SIGHT  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE --60°  TO  0 
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FIG.  a- 79- SUMMARY  OF  ELEVATION  LINE  OF  SIGHT  RATE 
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ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60° 
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FIG.  a-81- SUMMARY  OF  ELEVATION  LINE  OF  SIGHT  RATE 
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ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60° 
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FIG.  A-85-  SUMMARY  OF  ELEVATION  LINE  OF  SIGHT  RATE 
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FIG.  a-88- SUMMARY  OF  ELEVATION  LINE  OF  SIGHT  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  +60°  TO  +90“ 
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FIG.  A-93-  SUMMARY  OF  ELEVATION  LINE  OF  SIGHT  ACCELERATION 


FIG.  a-94- SUMMARY  OF  AZIMUTH  GIM 
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FIG.  a-95-  SUMMARY  OF  AZIMUTH  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGLE  -±120°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  -60°  TO  0° 
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FIG.  a-98-  SUMMARY  OF  AZIMUTH  G1MBAL  ANGLE  RATE 
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FIG.a-ioi-SUMMARY  OF  AZIMUTH  GIMBAL  ANGLE  RATE 
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FIG. a- 104-SUMMARY  OF  AZIMUTH  GIMBAL  ANGLE  ACCELERATION 
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FIG.a-107-SUMMARY  OF  AZIMUTH  GIMBAL  ANGLE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -  ±60°  TO  ±120 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60° 
m  2a  VALUE 
□  MIN  8  MAX  VALUE 


oa-SUMMARY  OF  AZIMUTH  GIMBAL  ANGLE  ACCELERATION 


AZIMUTH  GlMBAL  ANGLE  -±60°  TO  ±120 
ELEVATION  GlMBAL  ANGLE  -  -60°  TO  0° 
E3  2a  VALUE 
□  MIN  8  MAX  VALUE 
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SUMMARY  OF  AZIMUTH  GlMBAL  ANGLE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60 
CD  2 a  VALUE 


-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGLE  -0“  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  -60°  TO  0° 
m  2 a  VALUE 
□  MIN  a  MAX  VALUE 
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AZIMUTH  GIMBAl  ANGLE  -±120°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  J-60° 
m  Za  VALUE 
□  MIN  8  MAX  VALUE 


12-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGt 
ELEVATION  GIMBAL  AN 
m  2a  VALUE 
n  MIN  a  MAX  VALUE 
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FIG.  a-113-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  +60°  TO  +90° 
m  2<y  VALUE 


FIG.  a- !  14-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±180° 
ELEVATION  GIMBAL  ANGLE  -  -90°  TO  -60° 
m  Zo  VALUE 
□  MIN  a  MAX  VALUE 


AZIMUTH  GIMBAL  ANGLE -±60°  TO  ±120 
ELEVATION  GIMBAL  ANGLE  -0°  TO  +60° 
m  2c  VALUE 
□  M!N  8  MAX  VALUE 
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FIG.A-iie-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  RATE 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  0°  TO  +60° 
m  2a  VALUE 


L-1 18-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -0°  TO  ±60° 
ELEVATION  GIMBAL  ANGLE  -  -60°  TO  0° 

□  Za  VALUE 

□  MIN  8  MAX  VALUE 
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FIG. a-i  19-SUMMARY  OF  ELEVATION  GIMBAL  ANGLE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -  ±120°  TO  ±180 
ELEVATION  GIMBAL  ANGLE  -  -60°  TO  0° 
m  2a  VALUE 
□  MIN  8  MAX  VALUE 


-121-SUMMARY  of  ELEVATION  GIMBAL  ANGLE  ACCELERATION 


AZIMUTH  GIMBAL  ANGLE  -±60°  TO  ±120 
ELEVATION  GIMBAL  ANGLE  --60°  TO  0° 
m  2  a  VALUE 
□  MIN  8  MAX  VALUE 
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B.  Parameters  Interaction 


This  program  performs  a  numerical  bivariate  cumulative  probabil¬ 
ity  distribution.  It  algo  has  the  additional  capability  to  perform,  at 
the  same  time,  a  frequency  distribution  of  another  variable.  These 
capabilities  are  quite  general;  however,  the  remainder  of  the  options  of 
the  program  are  more  specific.  These  include  classifying  the  data  into 
three  groups  according  to  gimbal  angle  or  restricting  the  data  to  a  min¬ 
imum  range. 

An  important  facet  of  the  program  1b  its  capability  to  study 
the  distribution  of  dwell  times.  For  Instance,  the  probability  distri¬ 
bution  gives  the  likelihood  that  a  particular  value  of  a  variable  is  ex¬ 
ceeded  but  it  is  also  necessary  to  know  for  how  long  the  value  of  the 
parameter  is  exceeded.  To  this  end,  the  program  gives  the  average  dwell 
times  and  their  standard  deviations. 

Following  is  a  glossary  of  terms  used  in  work  completed  with 
Program  Inact.  Additional  details  on  the  program:  logic,  inputs,  and 
flow  charts,  are  available. 

ABS  VC  -  Absolute  value  of  the  closing  velocity. 

ARDDOT  -  Absolute  value  of  the  range  acceleration. 

A  VCBT  -  Absolute  value  of  the  target's  contribution  to  the 
closing  velocity. 

AWJDF  -  Absolute  value  of  the  elevation  stabilized  line  of 
sight  acceleration, 

AWJF  -  Absolute  value  of  the  elevation  stabilized  line  of  sight 
rate. 

AWKDF  -  Absolute  value  of  the  azimuth  stabilized  line  of  sight 
acceleration. 

AWKF  -  Absolute  value  of  the  azimuth  stabilized  line  of  sight- 
rate. 

DELTAR  -  Range  to  closest  main  beam  ground  return  (given  a  2,5° 
half  beam  width),  minus  the  target  range. 

LAMB-T  -  Of f-boresight  angle  of  the  target  (total  target  aspect 
angle) . 

LT-DOT  -  Total  rate  of  rotation  of  the  target  ■  (Xg2  +  X  ^  cos2 
X  )*  where  x  ■  elevation  gimbal  angle,  X^  “azimuth 
gimbal  angle  rate  A  ■  elevation  gimbal  angle  rate, 

RANGE  -  Range  from  fighter  to  target 

R-DOT  -  Range  rate 

R-H  -  Absolute  value  of  range  minus  fighter  altitude 
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(U)  Using  the  following  table  as  an  example,  an  explanation 
of  how  to  interpret  the  tables  in  Appendix  B  is  given  below: 

a.  The  top  line  identifies  this  Interaction  as  one  that 
is  restricted  to  the  zone  off  the  nose  of  the  fighter. 

b.  The  second  line  identifies  the  restrictions  on  the 
data  as  a  minimum  range  of  225  ft  and  the  off  nose  interaction  is  de¬ 
fined  by  i  60°  in  azimuth  and  elevation. 

c.  The  third  line  identifies  the  parameters  Interacted  . 
(refer  to  the  glossary  in  Appendix  B).  In  this  case  the  Y  parameter 
(listed  down  the  page) is  designated  ABS  VC  trihich  is  absolute  value  of 
the  closing  velocity,  and  the  X  parameter  (listed  across  the  page)  is 
designated  A  WJDF  which  ip  the  absolute  value  of  the  elevation  line  of 
sight  acceleration. 

d.  In  this  case,  the  Y  parameter  is  collected  such  that 

the  absolute  value  of  the  closing  velocity  1b  less  than  25,  50,  . 

250  ft/sec  as  shown  in  the  first  column  on  the  left.  The  LIMIT  is  all 
values  of  the  closing  velocity  less  than  infinity  (unrestricted  Y  par¬ 
ameter).  These  restrictions  on  the  Y  parameter  hold  for  the  entire  row. 

e.  In  this  case,  the  X-parameter  is  collected  such  that 
the  absolute  value  of  the  elevation  line  of  sight  acceleration  is  great¬ 
er  than  50,  40.5,  ....  ,5°/sec2  as  Indicated  at  the  top  of  each  column. 
The  LIMIT  in  this  case  is  all  values  of  the  X  parameter  greater  than 
zero  (unrestricted  X  parameters).  These  restrictions  on  the  X  parameter 
hold  for  all  numbers  in  each  column. 

f.  Each  block  within  the  table  contains  four  numbers: 

i.  NO.  «  number  of  entries  into  che  zone  defined  by 
the  X  and  Y  parameters. 

ij .  PCT.  ■  percent  of  the  total  combat  time  the  con¬ 
ditions  of  the  X  and  Y  parameters  were  met. 
iii.  DT.  ■  average  dwell  time  in  seconds  that  the  con¬ 
ditions  of  the  X  and  Y  were  met. 
iv.  STD.  ■  standard  deviation  of  the  dwell  time  in 
seconds  that  the  conditions  of  the  X  and 
Y  parameters  were  met. 

g.  As  an  example,  take  the  X  parameter  value  as  8.00  and 
the  Y  parameter  value  as  200.00.  Referring  to  the  intersection  of  these 
two  values,  It  can  be  seen  that  for  the  absolute  value  of  the  elevation 
line  of  sight  acceleration  greater  than  8°/a^c  .and  the  absolute  value 
of  the  closing  velocity  less  than  200  ft/sec*-  the  results  are: 
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TABLE  1 

PARAMETER  INTERACTJ9N  BFF  N9SE 
SUBJECT  T8  C»RDITI0*S  «HIH  «  225,08  6C.H0 
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i. 

number  of  entrance  into  this  condition  is 

26 

ii. 

the  percent  of  the  totel  combat  time  this 
is  0.24% 

occurred 

iii. 

the  average  duration  of  this  occurrence  is 
seconds 

1.15 

iv. 

the  standard  deviation  of  this  duration  is 
seconds 

0.46 

h.  The  average  values  listed  with  the  LIMIT  cases  denote 
the  average  values  of  the  unlimited  parameter  while  the  other  parameter 
is  limited.  As  an  example,  the  case  where  the  Y  parameter  is  less  than 
100  ft/sec.  Going  across  the  row  to  the  case  unlimited  by  the  Y  param¬ 
eter,  it  is  seen  that  the  average  X  parameter  Is  2.A8°/sec^. 

1.  The  bottom,  right  hand,  corner  block  is  noteworthy. 
This  is  the  case  where  neither  the  X  nor  Y  parameters  are  limited.  Thus 
the  only  restrictions  on  these  data  are  the  Initial  conditions,  in  this 
case  a  minimum  range  of  225  ft  and  4£0°  in  azimuth  and  elevation. 

2.  Tracking  Parameter  Interaction 

(U)  The  purpose  of  this  section  is  to  discuss  the  results  of  the 
tracking  parameter  interactions  for  the  forward  160°  field  of  view  and 
for  the  total  sphere  coverage.  The  data  for  the  graphs  used  in  this 
section  are  contained  in  Tables  B1  to  B79  in  Appendix  B.  The  tabulated 
data  contains  a  quantity  and  quality  of  information  not  possible  to  in¬ 
clude  on  the  graphs.  The  detailed  explanation  of  the  use  of  the  graphs 
is  contained  in  a  preceding  section  of  this  report. 

(U)  When  interpreting  the  graphs  for  the  interaction  study 
(Figs.  B-l  to  B-57)  it  becomes  obvious  that  several  different  sets  of 
values  of  the  interacted  parameters  produce  the  same  probability  of  track 
with  nearly  the  same  average  dwell  time  in  track.  When  a  limit  is  im¬ 
posed  on  one  parameter,  only  one  value  of  the  other  parameter  corres¬ 
ponds  to  a  particular  probability  of  occurrence.  This,  in  essence,  is 
the  main  use  of  these  graphs:  i.e.,  the  influence  of  one  parameter  on 
the  other.  Keeping  this  in  mind,  a  tradeoff  analysis  between  the  two 
parameters  can  be  made. 

(U)  When  studying  these  parameter  interactions,  it  should  be 
kept  in  mind  that  three  separate  tracking  loops  are  being  investigated. 
The  overall  probability  of  track  is  the  product  of  the  three  separate 
tracking  loops.  For  example,  a  0.95  probability  in  each  loop  yields  a 
total  of  0.86  probability  of  track.  Further  probabilities  may  be  in¬ 
cluded  such  as  range  probability,  clutter  track-through  probabilities, 
etc  , 
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(U)  The  preceding  calculation  assumed  that  the  three  tracking 
loops  (range,  azimuth  and  elevation  angle)  are  independent,  that  is,  not 
influenced  by  one  another.  The  parameters  interacted  were  chosen  in  an 
attempt  to  study  variables  which  were  not  likely  to  be  independent,  that 
is,  not  influenced  by  one  another.  The  parameters  interacted  were  chos¬ 
en  in  an  attempt  to  study  variables  which  were  not  likely  to  be  inde¬ 
pendent,  such  as  range  acceleration  and  range  rate.  The  next  logical 
step  is  to  combine  all  the  variables  and  determine  one  overall  proba¬ 
bility.  This  is  best  accomplished  in  a  tracking  model,  which  is  planned 
as  the  next  step  in  this  study.  The  output  of  the  parameter  interac¬ 
tions  will  provide  the  logical  point  at  which  to  begin  in  the  tracking 
model  and  provides  an  indication  of  the  necessary  steps  for  further  im¬ 
provement  of  tracking  capabilities  required  of  the  weapon  control  system 
in  a  dogfight  environment. 


a.  (C)  Range  rate  versus  range  acceleration  (Fig.  B-l, 
B-2,  AI  coverage;  Fig.  B-3  Total  sphere  coverage) 


In  the  case  of  the  AI  radar,  a  range  tracking  loop  with  a  range  rate 
capability  of  ,±1500  ft/sec  and  a  range  acceleration  capability  of  ±500 
ft/sec2  would  provide  a  0.95  probability  of  range  track  within  gimbal 
limits  of  ±60°.  The  average  length  of  track  is  approximately  10  sec¬ 
onds.  Figure  B-2  is  an  expanded  portion  of  the  data  in  Fig.  B-l  as 
shown  by  the  shaded  area  in  the  upper  right  corner.  For  high  probabil¬ 
ity  of  track  considerations  this  is  the  most  important  region  for  trade¬ 
off  consideration. 


b.  (C)  Azimuth  line  of  sight  rate  versus  azimuth  line  of 
sight  acceleration.  (Fig.  B-4,  B-5,  AI  coverage;  Fig.  B-6,  Full  sphere 
coverage) . 

In  the  case  of  the  AI  radar,  a  25°/sec  azimuth  line  of  sight  rate  and  a 
25°/sec2  azimuth  line  of  sight  acceleration  capability  provides  a  0.97 
probability  of  track  while  within  gimbal  limits.  The  average  duration 
of  track  is  12  seconds. 

(C)  In  the  case  of  the  full  sphere  coverage,  the 
same  values  yields  a  0.94  probability  of  track  for  an  average  duration 
of  38  seconds. 


(U)  In  order  to  determine  the  requirements  for  a 
higher  probability  of  track,  it  is  necessary  to  refer  to  the  data  con¬ 
tained  in  the  tables  in  this  appendix. 
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FIG.  B-2  -  CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  RANGE  RATE  FOR  SEVERAL  VALUES 

OF  RANGE  ACCELERATION  FOR  AI  RADAR  COVERAGE  AND  MINIMUM  RANGE  -  225  FT 


ELEVATION  LINE  OF  SIGHT 
ACCELERATION  (Iwib 
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c.  (C)  Elevation  line  of  sight  rate  versus  elevation 
line  of  sight  acceleration.  (Fig.  B-7,  B-8,  Al  coverage;  Fig.  B-9 
Full  sphere  coverage.) 

(C)  In  the  case  of  the  AZ  radar  coverage,  2S°/sec  elevation 
line  of  sight  rate  and  2S°/sec^  elevation  line  of  sight  acceleration 
yields  a  0.95  probability  of  track  with  an  average  duration  of  track 
of  11  seconds. 

(C)  In  the  case  of  the  full  sphere  coverage,  the  same  > 

values  yield  again  a  0.95  probability  of  track  with  now  an  average 

duration  of  track  of  37  seconds.  1 
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CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  AZIMUTH 
LINE  OF  SIGHT  RATE  FOR  SEVERAL  VALUES  OF 
AZIMUTH  LINE  OF  SIGHT  ACCELERATIONS  FOR  A 
RADAR  COVERAGE  AND  MINIMUM  RANGE  =  225  FT 


AZIMUTH  LINE  OF  SIGHT 

AVERAGE  DWELL  TIME  ACCELERATION  (l£fc|} _ 

(DEG/SEC2)  <  A 
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3.  Tracking  Requirements  Interaction  Data  Tables 

Tables  for  tracking  requirements  Interactions 

a.  Range  track 

i.  Nose  section  (AI  radar  coverage)  ■■  Tab  e  "’-l 

ii.  Tail  sector  -  Table  B-2 
ill .  Full  sphere  -  Table  B-3 

b.  Azimuth  angle  track 

i.  Nose  sector  (AI  radar  coverage)  -  Table  B-4 

ii.  Tail  Sector  -  Table  B-5 

iii.  Full  sphere  -  Table  B-6 

c.  Elevation  angle  track 

i.  Nose  sector  -  (AI  tadar  coverage)  -  Table  B-7 
ii.  Tail  sector  -  Table  B-8 

iii.  Full  sphere  -  Table  B-9 
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639,83  AV8 

AVG,  8t,C«  82,18  82,96  82,9ft  02,53  82,«5  82,44  82,44  82,44  82,44  82,44 


TABLE  B-2 

PARAMETER  IMTERACTJBN  8FF  TAIL 
SUBJECT  T 0  C9MplTI8*S  8*  IN  *  225,00  IAMBA  *  60,00 
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4.  Clutter  Track  Through  Requirements 

(C)  As  with  the  tracking  study,  the  £lgure  given  in  this 
section  will  be  for  the  forward  t60°  coverage  and  for  the  full  sphere 
coverage.  The  rearward  ±60°  coverage  and  the  necessary  source  data  are 
contained  in  Section  3  of  Appendix  B. 

a.  Pulse  Doppler  Main  Beam  Clutter  (PDMBC) 

(C)  Figure  B-10  represents  the  probability  of  occur¬ 
rence  of  the  target  signal  within  the  PDMBC  notch  and  the  range  accel¬ 
eration  greater  than  the  indicated  value  as  a  function  of  this  notch 
width.  The  top  most  curve  labelled  "0.0"  for  range  acceleration  thus 
contains  all  occurrences  of  the  target  signal  entering  the  PDMBC  notch. 
This  curve  therefore  gives  the  probability  of  the  target  being  within 
PDMBC  notch  as  a  function  of  the  notch  width.  Using  a  typical  value 
for  notch  width  in  present  AI  radars  (±200  ft/sec),  it  can  be  seen  that 
for  AI  radar  coverage,  the  probability  that  the  target  return  is  within 
the  notch  is  0.09  for  an  average  duration  of  1.8  seconds.  For  full 
sphere  coverage  (Fig.  17)  the  probability  that  the  target  is  within  the 
notch  is  0.35  for  an  average  duration  of  6.5  seconds.  The  same  interpre¬ 
tation  holds  for  all  the  graphs  from  the  "Clutter  Track  Through  Require¬ 
ments"  portion  of  this  report  (Fig,  16,  39). 

(U)  Knowing  the  distribution  of  the  clutter  and  know¬ 
ing  the  average  dwell  time,  the  probabilities  that  the  radar  can  track 
through  this  clutter  may  now  be  determined.  The  ability  to  track 
through  this  clutter  is  highly  dependent  upon  the  accelerations  exper¬ 
ienced  during  loss  of  signal.  An  acceleration  over  a  long  period  of 
time,  would  prevent  the  radar  from  coasting  through  the  clutter.  This 
happens  because  the  "memory"  for  coast  through  is  an  extrapolation  of 
the  last  known  velocity.  Thus  a  change  in  velocity  over  a  period  of 
time  vould  invalidate  this  extrapolation.  The  maximum  acceleration/time 
combination  a  radar  can  handle  depends  on  the  particular  radar  in  ques¬ 
tion.  For  that  reason,  the  summary  of  the  data  presented  herein  will 
show  the  0.05  probability  that  a  given  acceleration  was  exceeded  while 
in  the  clutter  and  the  associated  average  duration  it  was  exceeded. 

1.  Range  acceleration  (Fig.  B-10,  AI  coverage;  Fig. 
B-ll,  Full  coverage.) 


(C)  In  the  case  of  AI  radar  coverage,  the  range 
acceleration  exceeded  50  ft/sec2  while  in  PDMBC  57.  of  the  time  in  gim- 
bal  limits  for  a  duration  of  1.5  seconds. 

(C)  In  the  case  of  full  coverage,  the  range  ac¬ 
celeration  exceeded  180  ft/sec2  while  in  PDMBC  57.  of  the  total  time  for 
an  average  duration  of  1.2  seconds. 
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li.  Azimuth  line  of  eight  acceleration  (Fig.  8-12, 

AI  coverage;  Fig.  B-13,  full  coverage.) 

(C)  In  the  caae  of  AI  radar  coverage,  the  azi¬ 
muth  line  of  eight  acceleration  exceeded  0.3°/sec*  while  in  PDMBC  37.  of 
the  time  target  waa  in  glmbal  limits  for  an  average  duration  of  1.2  sec¬ 
onds. 


(C)  In  the  case  of  full  sphere  coverage,  the 
azimuth  line  of  sight  acceleration  exceeded  4.9°/sec^  while  in  PDMBC  57. 
of  the  time  the  target  was  in  gimbal  limits  for  an  average  duration  of 
1.5  seconds. 


ill.  Elevation  line  of  sight  acceleration  (Fig.  B-14, 
AI  coverage;  Fig.  B-15,  Full  coverage.) 


(C)  In  the  case  of  the  AI  radar  coverage,  the 
elevation  line  of  sight  acceleration  exceeded  0.25°/sec2  while  in  PDMBC 
5%  of  the  time  the  target  was  in  gimbal  limits  for  an  average  duration 
of  1.1  seconds. 


(C)  In  the  case  of  total  coverage,  the  elevation 
line  of  sight  acceleration  exceeded  4.9°/sec2  while  in  PDMBC  57.  of  the 
time  the  target  was  in  gimbal  limits  for  an  average  duration  of  1.3 
seconds . 


b.  Pulse  Doppler  f0  Notch 

(C)  For  this  study,  the  fQ  notch  is  shown  as  a  notch 
of  varying  widths  to  account  for  the  difference  in  notch  width  among  the 
present  AI  radars.  Ihe  notch  width  used  in  this  report  is  150  ft/sec. 

By  use  of  the  graphs  and  tables,  other  size  notches  may  be  exami.  'd . 

(C)  The  top  line  on  each  graph  shows  the  probability 
that  the  target  is  in  fo  notch  as  a  function  of  the  notch  width.  Using 
a  notch  width  of  150  ft/sec.  it  can  be  seen  that,  in  the  case  of  the  AI 
radar  coverage  (Fig.  22)  the  probability  that  the  target  is  in  the  f0 
notch  Is  0.235  for  an  average  duration  of  3.8  seconds. 

i.  Range  acceleration  (Fig.  B-16,  AI  coverage;  Fig. 
B-17,  Full  coverage.) 


(C)  In  the  case  of  the  AI  radar  coverage,  the 
range  acceleration  exceeded  38  ft/sec^  while  in  f0  notch  57,  of  the  time 
the  target  was  in  gimbal  limits  for  an  average  duration  of  1.6  seconds. 
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(C)  In  the  case  of  full  coverage,  the  range  ac¬ 
celeration  exceeded  128  ft/sec2  while  in  f0  notch  of  5%  of  the  total 
time  for  an  average  duration  of  1.2  seconds. 

11,  Azimuth  line  of  sight  acceleration  (Fig.  B-18, 

AI  coverage;  Fig.  B-19,  Full  coverage.) 

(C)  In  the  case  of  the  AI  radar  coverage,  the 
azimuth  line  of  sight  acceleration  exceeded  0.3°/sec2  while  in  f0  notch 
5%  of  time  target  was  In  gimbal  limits  for  an  average  duration  of  1.5 
seconds. 


ill.  Elevations  line  of  sight  acceleration  (Fig,  B-20, 
AI  coverage;  Fig.  B-21,  Full  coverage.) 

(C)  In  the  case  of  AI  radar  coverage,  the  ele¬ 
vations  line  of  sight  acceleration  exceeded  ,3°/sec2  while  in  fQ  notch 
57.  of  the  time  the  target  was  in  gimbal  limits  for  an  average  duration 
of  1.7  seconds. 

(C)  In  the  case  of  full  coverage,  the  elevations 
line  of  sight  acceleration  exceeded  3°/sec2  while  in  f0  notch  5%  of  the 
total  time  for  an  average  duration  of  1.3  seconds. 

c.  Pulse  Main  Beam  Clutter  (PMBC) 

(C)  For  analysis  in  this  section,  the  range  gate  width 
is  taken  as  300  ft.  This  means  that  PMBC  is  defined  as  occurring  if  the 
target  is  within  300  ft.  of  the  leading  edge  of  the  ground  return. 

(C)  For  AI  radar  coverage,  the  probability  that  the 
target  is  in  PMBC  is  .005  for  an  average  duration  of  1.12  seconds.  In 
terms  of  normalized  probability  (normalized  to  the  AI  radar  coverage), 
the  probability  of  the  target  in  PMBC  is  .0117.  This  probability  is 
less  than  the  .05  criterion  used  in  the  previous  analyses. 

(C)  For  full  sphere  coverage,  the  probability  of  the 
target  being  in  PMBC  is  again  less  than  the  0.05  criterion,  that  is, 
0.015  for  an  average  duration  of  1,31  seconds. 

(C)  Analysis  of  the  tracking  accelerations  for  PMBC 
in  the  same  manner  as  the  PDMBC  and  fQ  notch  is  not  possible.  Analysis 
using  a  more  stringent  criterion  could  be  made.  In  order  to  keep  the 
comparison  on  pulse  and  pulse  doppler  clutter  on  the  same  level,  the 
PMBC  tracking  accelerations  evaluated  with  the  57.  criteria  are  zero. 

The  application  of  e  more  stringent  criterion  is  left  up  to  the  reader 
and,  for  that  purpose,  the  graphs  of  the  accelerations  are  given  in 
Figs.  B-22  through  B-27. 
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d.  Pulse  Altitude  Line  (PAL) 

(C)  For  the  purpose  of  this  discussion,  the  PAL  will 
be  taken  as  having  a  width  of  ±1000  ft,  which  is  typical  of  the  clutter 
return  from  the  ground  below  the  aircraft.  This  1000  ft.  altitude  return 
further  assumes  that  the  strength  of  the  target  return  is  less  than  the 
altitude  return.  The  width  and  strength  of  the  altitude  return  is  de¬ 
pendent  upon  the  altitude  of  the  fighter,  the  antenna  pattern,  the  look 
down  angle,  and  the  ground  reflectivity.  For  a  given  width  of  the  alti¬ 
tudes  return  calculated  by  the  preceding  parameters  Fig.  B-28  through 
B-33  are  still  valid  and  can  be  used  to  calculate  the  track  through 
capability  of  a  particular  radar. 

(C)  For  AI  radar  coverage,  the  probability  that  the 
target  is  in  PAL  is  0.078  for  an  average  duration  of  3.9  seconds. 

(C)  For  full  coverage,  the  probability  that  the  tar¬ 
get  is  in  PAL  is  0.086  for  an  average  duration  of  4.8  seconds. 

i.  Range  Acceleration  (Fig.  B-28,  AI  coverage; 

Fig.  B-29,  Full  Coverage.) 


(C)  In  the  case  of  AI  radar  coverage,  the 
range  acceleration  exceeded  40  ft/sec2  while  in  PAL,  57.  of  the  time  the 
target  was  in  gimbal  limits  for  an  average  duration  of  2.4  seconds. 


(C)  In  the  case  of  full  coverage,  the  range 
accelerations  exceeded  50  ft/sac2  while  in  PAL,  5%  of  the  total  time 
for  an  average  duration  of  2.4  seconds. 


ii.  Azimuth  Line  of  sight  Acceleration  (Fig.  B-30, 
AI  coverage,  Fig.  B-31,  Full  Coverage.) 

(C)  In  the  case  of  AI  radar  coverage,  the 
azimuth  line  of  sight  acceleration  exceeded  .4°/sec<i  while  in  PAL,  5% 
of  the  time  the  target  was  in  gimbal  limltB  for  an  average  duration  of 
2.8  seconds. 


(C)  In  the  full  coverage  case,  the  azimuth 
line  of  sight  acceleration  exceeded  0.65°/sec2  while  in  PAL,  5%  of  the 
total  time  for  an  average  duration  of  2.3  seconds. 

iii.  Elevation  Line  of  Sight  Acceleration  (Fig. 
B-32,  AI  coverage;  Fig.  B-33,  Full  Coverage.) 

(C)  In  the  case  of  AI  radar  coverage,  the 
elevation  line  of  sight  acceleration  exceeds  0.35°/sec2  while  in  PAL, 
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57.  of  the  time  the  target  was  in  gimbal  limits  for  an  average  duration 
of  2.5  seconds. 


(C)  In  the  full  coverage  case,  the  elevation 
line  of  sight  acceleration  exceeded  0.7°/sec^  while  in  PAL,  57.  of  the 
total  time  for  an  average  duration  of  2.4  seconds. 
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FIG.  B-28  -  CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  DIFFERENCE  OF  FIGHTER  ALTITUDE 
AND  TARGET  RANGE  FOR  SEVERAL  VALUES  OF  RANGE  ACCELERATION  FOR  A I 
RADAR  COVERAGE  AND  MINIMUM  RANGE  -  225  FT 


2.5' 


FIG.  3-31  -  CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  DIFFERENCE  OF  FIGHTER  ALTITUDE 

AND  TARGET  RANGE  FOR  SEVERAL  VALUES  OF  ELEVATION  LINE  OF  SIGHT  ACCELERATION 
FOR  FULL  SPHERE  COVERAGE  AND  MINIMUM  RANGE  =  225  FT 


B-32  -  CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  ABSOLUTE  DIFFERENCE  OF  FIGHTER 

ALTITUDE  AND  TARGET  RANGE  FOR  SEVERAL  VALUES  OF  ELEVATION  LINE  OF  SIGHT 
ACCELERATION  FOR  A I  RADAR  COVERAGE  AND  MINIMUM  RANGE  -  225  FT 
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5. 


Tables  for  clutter  track-through  requirements 
a.  Pulse  doppler  main  beam  clutter  -  A  VCBT 
1.  Range  Acceleration  (ARDDOT) 

(a)  Nose  sector  (AI  Radar  coverage)  -  Table  B-10 

(b)  Tall  sector  -  Table  B-ll 

(c)  Full  sphere  -  Table  B-12 

11.  Azimuth  line  of  sight  acceleration  (AWKDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-13 

(b)  Tail  sector  -  Table  B-14 

(c)  Full  sphere  -  Table  B-15 

ill.  Elevations  line  of  sight  acceleration  (AWJDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-16 

(b)  Tail  sector  -  Table  B-17 

(c)  Full  sphere  -  Table  B-18 
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b.  fQ  Notch  (ABS  VC) 

i.  Range  acceleration  (ARDDOT) 

(a)  Nose  sector  (AI  radar  coverage)  »  Table  B-19 

(b)  Tail  sector  -  Table  B-20 

(c)  Full  sphere  -  Table  B-21 

ii.  Azimuth  line  of  sight  acceleration  (AWKDF) 

(a)  Nose  sector  (AI  radar  coverage)  „  -  Table  B-22 

(b)  Tail  sector  -  Table  B-23 

(c)  Full  sphere  -  Table  B-24 

iii.  Elevation  line  of  sight  acceleration  (AWJDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-25 

(b)  Tail  sector  -  Table  B-26 

(c)  Full  sphere  -  Table  B-27 
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c.  Pulse  main  beam  clutter  (DELTAR) 

1.  Range  acceleration  (ARDDOT) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-28 

(b)  Tall  sector  -  Table  B-29 

(c)  Full  sphere  -  Table  B-30 

11.  Azimuth  line  of  sight  acceleration  (AWKDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-31 

(b)  Tall  sector  -  Table  B*32 

(c)  Full  sphere  -  Table  B-33 

ill.  Elevation  line  of  sight  acceleration  (AWJDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-34 

(b)  Tall  sector  -  Table  B-35 

(c)  Full  sphere  -  Table  B-36 


B-75 


CONFIDENTIAL 


TABLE  B-28 

PARAMETER  lKTERtC^leit  8FF  HSSt 
SUBJECT  TP  CBNSITT9NS  RMIN  >  229,81  LIND**  *0.00 


CONFIDENTIAL 


4cmj©ft<vo(v<e00oft0««HiA'crs«ft«0o»0rs0ieHV>o0>0fteo-H0tnB(v0orsH0«>fV0oiA* 


•  •  •  a 

*  *  «  f 

•  8  ■  • 

■  tit 

■  •  •  ■ 

■  •  •  ■ 

8  6  8  * 

H  •  •  -  « 

0  •  •  • 

D^om 

OH  QN 

OHO© 

OHOM 

OHOW 

oh  o  rv 

H  H  to!  ft 

H  H  H  ft 

H  <V  H  ft 

(V  H  O 

o  <V  ft  i 

in 

m 

« 

<6 

<0 

© 

<o 

m 

ft 

0 

0  H 

one 

©  <  r*  in 

•  IV  O  0 

» t » 

©  h  h  ft 

»MAP 

k  0  n-  h 

h  m  0  m 

MONN 

ft  0  a  o 

HON 

n  iv  o  n 

0  0  o  ft 

♦  rnr 

M  «  ft  O 

©  0  0  |s 

ft  H  0  ft 

0  ft  ft  o 

ft  0  ft  H 

e  r*  e  ft 

r  r*cn 

■  •  • 

•>  •  • 

H  -  •  - 

«... 

OHO 

O  H  o 

OHO 

e>  h  o 

OHO 

H  H  H 

H  H  H 

1 

1 

1 

H  (V  H 

ft  ©  n* 
H 

ft  O  a 

*  0  K  tfl 

«  DO  IA 

N  MAO 

40  *  N 

tV  0  0  O 

ft  H  W  0 

H  90  rs  tv 

fs  CV  0  K 

0  <V  A  0 

0  c»  0  in 

C  H  ft 

N  N  O  N 

t  »c  w 

«  IT  H  IT 

f'  r*  tv  « 

«  »  0  P> 

ft  H  0  0 

»  NKC 

0  0  CC  © 

■  •  to 

©  0  ft  (V 

ft  ft  (V  0 

to  to  to 

H  -  •  • 

0  -  -  - 

c  h  rj 

O'H  C 

OH  O 

OHO 

OHO 

OH  O 

HlH  ft 

H  H’H 

HtH>H 

'H.H  H 

r-  rs  ft 

ft 

»  o  o 

K  ft  K  <® 

nr  «  o  <0 

»«IAH 

moon 

t*  H  0  H 

ft  m  mi  o 

ft  m  ft  k> 

0  rs  ft  0 

H  0  0  H 

H  o  h  r*. 

C  H  W 

cm  fw  ci  tv 

t  mb  n 

iritHiA 

r*  k  n  « 

r*>  0  0  r* 

•  a  «  ft 

ft  «V  ►>  ft 

r  mbd 

O  ft  ft  (V 

^  0  ft  rv 

•  «  • 

H  ■  •  • 

«  •  •  • 

©HO 

C  FT  C 

Ore 

OHO 

OHO 

OHO 

H  H  H 

H  H  H 

>H  H  H 

H  H  H 

0  tn  0 
ft 

0  o  o 

IONON 

oman* 

damn 

m  o  o  nr 

0  Ml  H  Cl 

ft  ft  ft  M 

K)  «  h  in 

ft  ft  ft  0 

0  H  O  ft 

0  ft  M  (1» 

o  h  w 

m  ru  to  c\j 

«MOHM 
•  •  • 

ddHd 
•  •  • 

«S(M  « 

to  to  to 

n  m+  t> 

to  •  ■ 

rs  0  in  b 

ft  h  rs  o 

ft  tv  k  o 

ft  0  ft  (V 

M  ft  0  tv 

o»  »  •  • 

UHO 

C  FT  C 

OHO 

OHO 

OHO 

OH  O 

••H  H 

H  H.H 

H  H.H 

tv 

Ka  a 

M  0  «  0 

SMN* 

■  ♦HA 

0  0  0©* 

in  OKI  ft 

«  ft  ft  CM 

io  rs  tv  h 

0  in  tv  0 

ft  H  ft  ft 

ft  O  ft  ft 

c  d  o 

HHtlN 

W  No  w 

HMHt 

««N0 

1AIAW0 

in  ftft  o 

0  »s  it  o 

0  »  0  O 

t'OlKO 

H  ft  0  0 

8  8  6 

•  •  * 

*  •  to 

to  to  to 

*  •  to 

■  to  • 

•  to  to 

•  to  to 

o  to  .  • 

e  ho 

O  H  O 

tHC 

OHO 

OHO 

O  H  C 

ft  H  H 

O  H  H 

O  H  H 

H  H  H 

H  IV  M 
N 

NO  O 

»<VOO 

O  «o  o 

•  nrrtrt 

0<vr*r* 

N  N  H  * 

•a  <0«  o 

ft  O  tV  H 

H  ft  IV  ft 

ft  *s  ft  ft 

ftN*  0  0 

tV  ft  MO 

o  ci  a 

COD 

h  so  e 

H  H  H  nr 

NNN0 

to  •  * 

m  ft  «  rs 

ft  ft  ft  © 

K1WM* 

ft  0  ft  ft 

ft  O  0  ft 

m  •  •  “ 

OHO 

OHO 

OHO 

a  ho 

OHO 

OHO 

o  H  ft 

CJ  rTU 

OHO 

OHO 

H 

HO  U 

N««tn 

•400* 

mi no 

0  ft  ft  ft 

in  tn  k  h* 

0  Oft  0 

ft  0  ft 

H  ft  VI  ft 

ODD 

BOO 

<3  0  0 

D  H  ft 

H  H  H  ft 

H  H  H  ft 

H  H  CM  tn 

H  HIM  |A 

h  h  m  in 

h  rv  0  0 

ft  ft  O  0 
O  •  1  * 

O  HC 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

o  rv  h 

H 

H  d  a 

HHOO 

NNOO 

WNOO 

M  N  OO 

fl  NOD 

WNOO 

60  rv  cj  a 

WNOO 

ft  0  a  ft 

0  rs  r*.  * 

on  « 

©  »  o 

ODD 

OO  O 

o  o  a 

o  a  ft 

«3  O  *» 

can 

©  o  e= 

O  0  0 

ft  ft  0  rl 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

r»  h  h 

o  o  o 

O  O  o  o 

N  N  C'  a 

'V  c\i  o  a 

NNO  O 

(VND3 

N  N  a  a 

ft  0  K  *s 

ft  ao  tv  o 

QOO 

DOC 

O  O  Cl 

o  o  o 

O  OO 

ft  ft  ft 

O  ft  o 

•  to  to 

ocp 

u  c  0 

O  <0  0 

0  mi  r»  o 

ft  M  to  to 

CD  D 

ODD 

OHO 

CD  *4  O 

OHO 

OHO 

Oho 

OHO 

OHO 

a  H  C; 

lA  FtH 

00  13 

H  HOO 

NN  '3  0 

N  N  a  tj 

<V  MOO 

(M  M  O  O 

tv  rv  o  e> 

tv  tv  o  o 

tv  IV  B3  o 

r\j  r*-  r».  h 

non 

ooo 

one 

t>  O  O 

COO 

OO  o 

o  o  o 

DOB 

d  a  o 

o  ft  ft 

ci  m  m  tn 

mi  m  ■  « 

co  a 

□  o  o 

OHC 

OHO 

OHO 

OHO 

OHO 

a  ho 

OHO 

OHO 

ft  H  U 

►  ►-  Q 

CD  H  H  a 

10  K-  ►  Cl 

®  h  h  a 

®  m  i-  a 

CD  to-  H  a 

CD  >-■  to-  tl 

tD  ►*  *-  U 

UUh 

/  U  IJ  ►- 

X  OUT- 

X  K>  OH 

X  <j  C3 

X  O  oi- 

/Our 

X  out- 

X  O  <-»  i- 

/OC4  1-. 

to.  t.»  L4  l- 

a  on 

a  i/» 

a  t/> 

a  cn 

a  i/i 

a  t/i 

a  i/i 

fi  1/1 

CL  V» 

a  t/> 

0  V 

a 

a 

0 

o 

o 

O 

o 

o 

o 

a 

o 

O 

r» 

o 

a 

a 

o 

o 

a 

o 

C3 

CJ 

o 

o 

CJ 

a 

X 

t3 

o 

o 

O 

e> 

c» 

o 

O 

o 

«v 

ft 

0 

iTV 

tD 

ft 

ft 

o 

H 

1 

II  -76 


CONFIDENTIAL 


4*G.  39217?, 93  381709,96  38*112, 4«  370135,26  34798*. 46  324346.16  311116,16  312957.95  321*68.28  324514.92  325394.09 


TABLE  B-29 

PARiWTER  I»T£R*CTl8h  8FF  TAIL 

i  rounTTinur  bhil  >  nt  ••  ■ 


C  ON  FIDENTI AL 


o  n  w  ifto  to  to  ®®A'<Mts<MKwifti roNntMv  w  «  hi  a  o  ftftAftftftrscMCNft  ftAH)AKr»ftftOftft«Kft 

o  *-*4*4NA®iviMft«KAftAAftftftAH>AAftftft<<>Kft  m-ts-ts-rs  o  k  c*  «  r»*4  »  Kiv«>ftBftftooftAft<r4ft 


Ui  o 
*.  - 
a«m 


*  ■  • 

•  at* 

•  ■  •  • 

•  .  •  • 

•  •  »  • 

•  •  •  • 

»  ... 

-  •  •  .  ■ 

•  •  •  • 

.  .  .  « 

O  rtD 

ft  O  *4  *4 

ft  ft  *4*4 

ft  *8*4  *4 

ft  *4  *4  *4® 

ft®  ft  1 

« 

♦ft 

ft 

ft 

♦O 

ft 

ft  ft 

ft 

ft 

ft 

I  tv  lf\  o 

«  ft  m  m 

Anno 

ft  ft  h.  *4 

HN  ft  IM 

ft  HI  B  *4 

K  ft  ft  a 

*4  cm  « 

cm  cm  ft  m 

«  m  «  m 

ft  *  ft  ft 

♦ft  ft  ft  ft 

MiM* 

KOK4* 

ft  *4  ft  ft 

ft  IV  ft  ft 

■  n  6o 

ft  ft  (M  B 

«  *4  to 

O  HO 

O  *4  *• 

B  *4  *4 

ft  *♦  *4 

B  *4  *4 

*4  »*4  *4 

*4  *4  *4 

*4  *4  *4 

♦H  CM  *4 

'  S3- * 

i  *4  »s  K 

tfv  <ft  MAI 

K  ft  IM  P 

ft  *4  ®ft 

*4  IS.  Ah  CM 

IM  HI  *4  ft 

K  ft  *4  ft 

ft  ft  ft  ft 

Oft  ft  Oi 

ft  ft  *4  ft 

H  rlW 

NNIU« 

ft  ft  in  ft 

ft  ft  n  ft 

ft  ft*  ft  IN 

K»«n 

4S  ft  ft  to 

ft  rtfs  ft 

ft  *4  ft  r. 

ft  ft  ft  ft 

ft  IT  ft  ft 

D  HO 

OiH  to 

Oi*4  C 

■  O* *4  O 

Oi*4i*4 

ft 

180 

»  nn  o 

n  ft  o  ft 

80  0  WIN 

•P  ft  ft  ft 

ft  a  ft  ft 

ft  n  ft  ir 

48  ft  HI  *♦ 

O  HI  ft  HI 

(N  ft  *4  Ift 

*i'*t  ft 

isi  cm  k  a 

ft  ft  in  r** 

ft  ft  n  ^ 

ft  ft  ft  *4 

ft  •  ft  IN 

k  ft  ft  n 

■Is  C  ft  HI 

■ft  «»  ft  A 

•  *1  ft  A 

ft  ft  A  ft 

•  •  4 

B  HC 

OHO 

o  •-*  o 

«  *4  *4 

CH  H 

o>  *■  tn 

*4 

i  ft  «»«» 

08  ft  ft  ft 

»*ou 

ft  in  ft  K 

ft  K  V4  O 

40  ft  K)  m 

*4  (M  ft  ft 

IP 

NHON 

ft  ft  *4  M 

■ft  ft  ft  ft 

ft  ft  40  ft 

»s  is  HI  ft 

ft  ft  A  OD 

ftft  ft  ft 

ft  ft  ft  ft 

ft  *  ft  ft 

•  ■  • 

•  ■  * 

to  m  • 

•  •  ■ 

*  •  • 

a  *4b 

B'*4  O 

0**4  O 

O' *♦  a 

OHO 

OHO 

O  *4  40 

0*40 

■»  h  a 

ttt*4  to 

ft  W  CM 

*4 

»  ft  k  K 

inn 

NWN  « 

♦«  CM  *4  *4 

H  O  CM  *4 

OK  80  <8 

*4  0.  CM  ft 

ft  ft  hi  ft 

Oft  H»  B 

a  hi  H|  ft 

o  *4H> 

•IHON 

ANO  IN 

wnM» 

»  A  «V  A 

ft  ft '*4  ri 

ft  ft  «SJ  ft 

ft  ft  f«  ft 

ft®  cm  r* 

ft  ft  M  ft 

O  ft  ®  CM 

*  m  m 

■  *  ■ 

•  ■  * 

*  •  • 

cy  «4t» 

O  *4  0 

0*4  o 

OHO 

OHO 

O  84  83 

O  8  4  83 

*'*4  0 

OHO 

B  HO 

ft  IN  IM 

«OB 

«4»»0 

43  ®  O  ft 

ft  5V  ftl^ 

OOKK 

0*  ft  w  « 

ft  ft  ft  ft 

ft  48  HA  M 

*4  *4  ft  HI 

ft  ft  ft  ft 

n  HI  CM  ft 

OOP 

*4  83  0  0 

NN89W 

ft  n  *-<« 

ft  ft  *4  W 

ft  W  **  ft 

WMIV4 

ft  ft  ru  m 

A  ft  IM  * 

ft  ft  ft  ft 

•  •  • 

•  •  • 

OHO 

e  *4o 

O  vl  O 

■8  *4  43 

OHO 

OHO 

OHO 

e  *4  a 

B  *4  *3 

to  to 

B  IM  *4 
*4 

NOB 

K  <0  OO 

ft  *4  8ft  O 

ftft  ft 40 

83  80  ft  ft 

ft  ■»  ft  ft 

ft  ft  ft  • 

ft  ft  H4  O 

Tl  ft  ft  ft 

OOP 

ooo 

*4  *4  O  O 

*4  *»  r-  IN 

IV  *4  H  H> 

IN  CM  *4  40 

CM  IM  *4  ft 

CM  IM  v4  ft 

CM  CM  CM  ft 

CM  IM  (M  ft 

83  ft  ft  A 

OHO 

O  *40 

OHO 

a  *4  e 

OHO 

B  *4  O 

OHO 

e  *4  a 

O  *4  B 

O  *4  to 

K  *4  *4 

•♦CIO 

8WOO 

4noo 

88  ft  *»  B 

Hno  » 

ft  80  K  ft 

ft  •  ft  ft 

MhfIN 

ft  40  *8  *4 

t*  ft  ft  ft 

CM  ft  A  ft 

e»  e»  «r 

OOO 

BOB 

DOC 

HHOM 

*4  *40  M 

*8  HO  «M 

H*4*4W 

*4  *<  *4H> 

B  IM  ft  *4 

O  *4  O 

O  *40 

0(10 

O  *4  O 

B  *40 

OHO 

OHO 

OHO 

e«'b 

83  *4  to 

ft  *•  *4 

rl  OO 

NNOQ 

41000 

ft  ft  <r>  o 

noou 

*4  »  a  o 

HOBO 

CM  O  ft  ft 

CM  O  B  » 

HI  -4  ft  K 

B  ft  *  ft 

o  o  a 

ooo 

BOO 

o  .  .  ■  n» 

B  B  83 

HBUO 

HOOD 

H  HO  IM 

*4  *4  B  CM 

H  H  a  IM 

ft  ft  A  ft 

W  *4  <3 

O  *4  O 

O  *4  B 

b  *4  a 

O  *4  B 

O  *4  €3 

a  *4  b 

O  H  43 

o  *4  e> 

OHO 

’  ft  *4  O 

H  act 

NN  OO 

nivvo 

ft  ft  r>  o 

NAOO 

AKhO 

ft  ft  o  e 

ft  48  *4  H 

ft  ®  *4  *4 

ft  ft  *-4*4 

HI  ft  A  B 

0130 

ODD 

ooo 

ooe 

BOB 

BOB 

B  *4  HI 

OHO 

*4  IM  ft  ft 

OH'* 

OHO 

OHO 

0(0 

O  *H  to 

OHO 

OHO 

OHO 

O  *4  B 

a  *4  u 

"(MHO 

*-  ►-  o 

®  ►-  ►-  a 

40  4“  O 

®  ►-  i-  O 

B  h-  4-  B 

(fV  4*  O 

®  ■“  K  P 

ft  ft  ft  U 

ft  ft  ft  O 

«  K  ft  CJ 

O  hV  o 

OB*- 

x  o  at- 

IOQh 

/UUh 

#UUh 

jr  o  ca  ►- 

f  UUH 

ruciK 

JTU  n»  - 

200h 

A  tn 

a  is> 

a.  in 

A  V) 

A  ft 

a  in 

a  m 

a  m 

A  wn 

A  in 

a.  m 

o 

B 

o 

B 

a 

o 

B 

o 

o 

o 

O 

o 

O 

o 

B 

O 

B 

B 

o 

a 

o 

ra 

a 

o 

a 

o 

C3 

to 

Cl 

a 

o 

o 

nj 

n 

ft 

ft 

ft 

K 

• 

o 

o 

j 

B-77 


CONFIDENTIAL 


:••  i~ i  iiifimi  t  nrrn  >naiHifll 


19.87  AV6 

A¥G,  2/1230,89  284116,92  288552,21  331572.72  295954.48  291753.22  287925,91  277662.25  276526,95  278108,86  2775*8.70 


CONFIDENTIAL 


►8x-xa8i9x»cMW«(,vxin»9«\ii'>n.*x  «h  r< 
z  •  ■  •  •  «i*m  i«  ><h  *•  • 
•“•  O  t4  O  >«  CD  78  O  80  *40  78  ti  78  « 

_i  •*  x  r*  r 


1  CM  O  C  I 

•  .«H  «H  CM 

•  •  CM  • 

I  to  w . 


*9 

> 

* 

uvw»< 
*  ri  <  m 
■  •  *N 


i«ON»0»NM*)a 
i«k«ivo  *8  »  ««n^ 
*  •  •  -M  -  •  •  *0* 


C0r8tV(V®<V»49n.78CVC0r8X 

x  x  x 


x  cnj  cv  w  x  rv  rv  t4 


0>  v  «  < 
•*  w  (►  < 

78  fs.  < 


o 

O') 

I 

a 

a 

3 


X 

D  CDT'O  O 

MflOOt 

CM  <MV  *9 

♦  •TOO 

7-8  O 

X 

a  mm  e 

«ONM 

■H  X 

X  0- 

k  rv  x  40 

tv  0  rv  Ci 

ro 

78 

to  m 

X  ■•!  *0 

IMMU  * 

X 

X  89  fv 

M>  t  tt 

O- 

r  ■) 

X 

(V  O  •»  X 

tV  X  CM  « 

n  o> 

74  K> 

49  X 

40  C5 

X  40  IT  CV 

P 

X 

m>  04 

7« 

■7-1  •  -  • 

r8 

rv  - 

rv  • 

CV  -  -  • 

t8 

C. 

IV 

£  n  ro 

O  78  O 

fVj  »8 

49  78-14 

89 

X 

®  49  78 

* 

«> 

X  K 

OlPOd^ 

n  m  tn  «• 

t8  OI«  » 

n  «p  04 

N  NX 

74<r  Kh 

au  x  89  a 

X  8^ 

tV  K4 

89  89  «0  PV 

•  x  m  x 

49  O 

to  «n 

c  y 

X  78  49 

*  »  x 

XI 

x  tv  n- 

h  «  m  n 

O 

»»  X- 

CD 

tv  89  40  X 

49  rx 

•  IMHM 

x  <0  *0  X 

O 

78  At.  m 

■  7  • 

•  •  * 

t8 

•X 

N  •  •  » 

04  -  -  - 

rv  - 

CV  - 

tv  •  7  • 

X 

Mj 

Oi*<  C 

•O  7<  O 

HU  O 

.»H:r4  e» 

tV. ^4 

l%8 

•O.781  «8 

49 

tV.  78 

X 

X 

o-  rv 

» 

7*  rv 

00 

O  tV  »  IV  (V 

h  «Wir 

►9 

O  CV  *c 

n  r<  H  X 

h. 

K)  » 

tn 

B  -0«85 

X  9v 

rv  « 

»  0 

X  78 

x  m  0  0 

m 

a  X 

•a 

o  • 

•0  *-  »9 

®  ^  78  x 

40 

«  ap  a 

4C 

(V  x 

•j 

C4>  tl  t< 

7IOM81 

iV  X 

49  n 

C)  X 

x  cv.  7.  r- 

c 

4  O- 

x 

t4 

*-*•»• 

7-4 

rv  *  •  • 

(V  ' 

rv  •  •  • 

co 

c  c 

C  rt  O 

7«  7H  ci 

H7IC 

tv  *8 

K) 

40 

O  O- 

■ 

78 

CO 

x 

ra  x»  tv  *h  t* 

CO  40  9>  49 

80 

(V  o>  O 

9»«m 

8T  lf»  C) 

Ok 

in  0  rv  iv 

89  rv 

4- 

CO  O- 

X)  CJ 

89  tv  0  40 

a 

89 

*9  O 

n 

O  80 

49  «rt  19 

K 

*-4 

HH  « 

X  <♦  IV  4i 

A- 

a  x 

h 

Q  ««  H 

v-4  Cl 

h.  ki 

tv  89 

W  X 

riK  0  in 

0 

78 

*V  74 

X 

•  •  • 

7-8 

rt  •  *  * 

•8 

rv  -  *  - 

tv  - 

rv  * 

04  •  •  - 

X 

X 

IV 

tn  t-i  u 

O  78  O 

•4  78*3 

« 

MHO 

fV. 78  t-4 

49 

89 

78  78 

Ki  tV  »4 

•  8 

X 

X  X 

in  -1 
« 

•o 

»v 

no 

* 

0*9 

XM 

XMMn 

lA 

(M)  O 

H»N  * 

7-4  O  X 

CD 

N  «  H  « 

7-4  «  x  m 

in  th 

78  rV 

in  tr»  rv  10 

89  »  X  89 

DO 

r*l  rg 

n*v 

o  rv 

tV  78  *9 

■''•OK) 

«  •-  78  X 

momit 

49  X  40 

X  X  X  4K 

■v  co  m  c» 

X  7H 

-0-W 

M  X 

•-  n 

40  X  •  X 

tfl 

X  at 

«  •  » 

7-4 

78  -  -  - 

t8  - 

78  7  -  - 

X 

4f  ■  7-4  «P 

O  <H  O 

OtIO 

HHC» 

•4  4H 

CD 

74HO 

•V 

7*  78 

tv 

7-  7< 

rv  78  78 

71 

» 

X  X 

:* 

78 

IA 

X 

« 

►- 

<jar 

(D 

•x*-* 

2 

(XX 

o  ♦ 

*8  a  c* 

utoo 

89 

4>»  tA 

HIM?* 

-O  >  (V 

*9 

MM  «D  X 

HO*  O 

CD  tO 

X  <1 

78  CD 

*  x  tv  0 

X 

rv 

(O  CD 

Uitr 

Ul  O  H 

•-too 

40  tV  Cl  C. 

IT 

tOK 

K  «HX 

«3  tV 

X) 

O-OWM 

O  •-<  X  «) 

0  rv 

m  cm 

78  X 

-O  O 

H  tlM  H 

8- 

m  tj 

► 

•  •  • 

78  -  -  - 

•8  - 

78  • 

m 

4  CM 

O  t8  O 

CJ  r*  43 

O  t-4  O 

a  H  O 

78780 

7-4  78  Cl 

78  CD 

74 

78  78 

HHH 

4v 

X 

5? 

(TO) 

8-  8- 

MJ8-* 

in 

0  0(00  0 

O  BOO 

080  « 

pi  uv  ^  o 

O 

O  K> 

■43 

MOOD 

a>  80  x  «o 

rv  » 

m  a 

1*1 1> 

tv  f> 

N  H  X  » 

«D 

4v 

OJ  0 

O  78 

*n 

mo  h 

X  7*  7-1  <• 

*o 

un  rv 

X 

«  M-  ro  X> 

4  4*- 

89  M- 

•x  m 

x  r- 

<D  0  m  > 

40 

O 

«►  X 

trio 

•  7  m 

»  * 

•  •  » 

* 

7  •  - 

7 

7  7 

7 

X 

7 

-it) 

cu 

O  »-t  o 

D  ti  a 

O  7-4  O 

OHO 

O  r-4 

tr» 

CJ 

78  0 

8 

74  *8  rj 

*8 

rv  rv 

ix 

•i 

o 

89 

L) 

Ul 

o  <o 

moo 

INIOOO 

«>n  tv 

cv  iri  m 

lf\ 

CV  X 

IT- 

tvm  »  in 

m  0  c  in 

0  X 

0  m 

O  IT* 

-r  ir 

4  h  mh 

“1 

o 

O  c~ 

7*  78  O  0 

w-« 

Htl  tU 

NfMOM 

*n 

«H|») 

X  K)  78  89 

X  *9  7»  49 

X  X 

rv  x 

tv  in 

rrimt 

rv 

rv  in  t 

CP 

fc 

«  «  7 

“  •  - 

m  m  w 

n 

7*7 

7 

7  7 

■  7 

777 

rv 

a  7 

3 

•0 

O  a*  O 

OHO 

OHt) 

O  74 

r) 

OHO 

c;»  h  c» 

CJ 

*8  CD 

O 

78  Cl 

0  78  0 

78 

X 

l/l 

OJ 

(V 

O  89 

"J  O  o 

ir  4  n  O 

-4 

O  O  i> 

»  A  H  H 

IV 

O  ih 

O 

tr  x  r»  n 

no  X  ^  0 

cd  a) 

" 9  M 

x  <n 

■O  Cv  CD  C 

0 

X 

0. 

8.1 

<  u 

O  o  o 

«  1 

*H  CJ  tV 

•8  *-1  *8  »0 

rv 

*1  -) 

rv 

tv  tv  cj  rv 

tv  cv  tj  rv 

4*)  rv 

78  89 

49  89 

tv  in 

89  89  CV  IT 

tv 

M 

89.X 

M  7  • 

CD 

7  7 

ro 

OHO 

«-•  *-l  o 

OHt) 

O  7-8  o 

*•»  7-4 

O  7H  C> 

0 

78  C; 

CP 

78  Cl 

r  ho 

7! 

tr 

rv  78 

t» 

rt 

O  (O 

NOO 

moo 

CO 

A-r»  m 

WH*V 

in 

«)  vT*  XI  K> 

<C  m  83  *9 

r«. 

M  M 

•8000 

CM  CV  89  IV 

89 

n  tO  X 

Cl  o  o 

hhow 

7-8 

7-4  O 

tv 

78  78  a  tv 

7-4  78 

74  19 

rv  tv 

78  89 

rv  rv  cv  x 

X 

Ct 

tO  49 

•  -  m 

a  a 

m 

7  7  7 

7 

7  7 

* 

.  7  H 

a  7  7 

ms 

.  a  7 

C' 

Cl  *H  O 

O  «-l  O 

O  7-t  O 

ana 

O  7-4 

CD 

UHCl 

Cl  r  1  0 

CJ 

78  CD 

0 

7-1  O 

CJ  78  O 

*» 

IV  .  1 

Cl 

H 

or 

rv 

-X 

8- 

Cl) 

y  ci 

a)  o 

ai 

L3 

a>  ►  n 

Ci) 

8  8- 

Cl 

<T  8-  tl 

CD  *-■  O 

O)  8- 

►  a 

Cl)  4-- 

4-  l) 

rr  »  i.i 

in 

4- 

»  £_! 

r4 

J * 

u  U  t 

-*0  0  8- 

ua  t- 

«r  o  l»  .  - 

U  C»  8- 

tflJUK 

/OU8 

V  O 

CD  7 

/  11  U  ) 

/out- 

jr 

ID 

t  1  ►- 

n  (/> 

D  I/' 

9  IT 

n  i/' 

a 

O  1/1 

a  it 

O 

!/• 

Q 

in 

a  i/i 

U 

Vi 

u 

o 

u 

O 

CD 

O 

Cl 

0 

U' 

T 

C-> 

o 

a 

e> 

o 

CD 

0 

c» 

CD 

CD 

8 

o 

o 

o 

a 

Cl 

CD 

CJ 

CD 

OD 

X 

r» 

Ul 

o 

{> 

tn 

Cl 

CD 

n 

O 

C> 

it 

»•* 

fv 

fO 

X 

n 

■0 

8. 

4) 

CM 

l) 

B  -73 


CONFIDENTIAL 


3tl48c,43  362518,13  361MB.83  358808. *»  3«ae<9.1«  320696,51  3B»«S5,»2  SB2733.n  30238S.64  382*71.77  38278*. 86 


CONFIDENTIAL 


«0  ®OM WO*  <4  •  #0**.*®~0*HW.®  •HOW  W  tf)  O-rfg  «  ri«w»  «■  HQ 

.  x  •  •  •  •  •  *  •  •  •  •  •  •  •  •  •  •  •  •  •  ■  •  •  •  •  •  •  *  •  ••••  ••■IH**I«4***  *1 


m  ••••<*  #m#  j  «4mv  nidhk  4nk«  *  w  o  n««r>  o  o  • «  n  if  in  m  a  « ®  ♦ 

£  —  ^4r*n  mm««  }«•«  r- •  o  woro  o  w  o  o  ooow  »«o«  mm o  ©  k 

<  *  •••  •  •  •  I  •  t  •••  •  •  •  ••■  •  »  •  •  •  •  •••  •  •  *  ft.  •  •  r  I 

%i  o  ®o®  *  **  ®  •■•e  O  ■-•  o  e  ^  •  •  r*  •  mmm  **  w  **•  *  w  «n  »h 

-  "  l 

p» 

o 

m 

n*is  i  ■  n  h-  Hiflo#  *o*m  «4««  non®  h-mo®  mr»*o  o^on  * 

♦  ••J*J  w***w  wnoh  w®***  ir*  H4  «ln«  3h)»>  *•«*  k*1o  o^ko  k  n  4  o  w 

•  •  *-•*  *-4*  OrlO  «HO  •  -*  •  *r«0  0*40  Or4  0  ~4**~4  **■*«*  "  * 1%  £  W 


woo*  ootftw  h»««)  ®£N®  n»co  r>  h>  ^  *  run**-  n«m<n  «wim® 

•  «•*•«  ,nN^«  nnw?  w  ®  w  m  *  *  ®  r»  ««dk  in  <•  in  o  iiihK* 

n  *  w  *  •  •  •  ♦  •  *  «•«  •  •  •  ■  •  #  •  •  *  •  *  «  •••  t  I  •  f>  •  •  < 


i  •  w  «j  C/  •  m  «  a  •  M>a  ®  <«  «  •  mo®*  «4mm  «»•«  •»•  w  »  m  m««ki  «  m  ®  t»  H^mKi 

a  *  ooo  •  •  *  •••  »h.h  «m  ®  wor.®  *ww«n  nnm*  «««►  «  ri  m  «  m  *  m  o 

M  •  m  m  •  •  m  m  m  •  m  m  m  m  m  m  •  •  m  •  m  •  •  m  •  m  •••  «••<<••* 

*3  -  --.  •-•  •—  —  —  •—  •-»  •-•  •"»  ■«-• 

!| 

&S  S"S5S  "SSS  *598  3293  3289  2338  2288  SZSZ  88  SS  3SK3!  US  St 


•  •  #  •  «  ■  «  i 


Si 

co  S  ■ 

L  h«  A 


CO  S3  i 

fitf  ^2  ^^22  42JJ  *122  22°  2  ••22  ••«?  w^**  m«vun ®  ♦  ***  ®®wm  •  nq« 

w®  •  o  *  •  •*  •  ••  *■«©  r* m  hhn«  hmn^  hhmw  hhn«  m*®* 

3  a  gm  •«•  m-m  m-*m  mnm  m~m  *ho  •  ^ o  oho  *n  - o 


lit 

Hr  H 
UM 


I Q  fHH  ••  MMOO  nwco  ^«oo  tw«4»i  ►■  <#  #  m  •  r-  n  fi  oooo  oooo 

II  •  •  •  •  •••  •  ®  •  •-H «  5  —  «  ®r«n  o  —#n  m  m  « 

•CO  •  •  •  •  •••  •••  •••  •••  •  ■  •  ••■  •  •  •  •  •  •  •••  n  •  •  « 


O  *oo  m  9  9  oc 

•  •  I  I.  •  •  •■  •  > 

«  OOP  0*00  Or 


nwoo  fiivoo  nivo*  nNoo  n  pj  •  o  4fioo  4  noo  « o  r-  o* 

•••  •••  •••  ooo  ooo  OOO  ooo  OONlfl 


*  H  It  OHO  o  H< 


0  O  OOAJlf 

•  ■  w  •  •  • 

•O  flHO 


f  hhoo  rr  oo  an«o  nwoo  nwoo  pinoo 

■h  ooo  ooo  ooo  ooo  ooo  ooo  ooo 


WOO  4PIOO  ^  CO  (VI 

OOO  OOO  OOO  If  I<|N4 

•  ••  •••  •  •  •  III  •  *  • 

o  HP  OHO  OrtO  IMHO 


:*:$:  -s s: 


i  a  o  M«y  o  a 

ftO  o  ooo 
»  •  «  •  •  ■ 


loo  M  M  O  O  NWO  c  MNoo  4  HHr 


i  !! 

e 

S  i 


*  •  • 
►  ►o 

•  •  •  • 
€»»>»>•  a 

•  •  •  • 
fittp 

•  •  •  • 

Si  k  •-  a 

•  •  t  i 
QhhO 

•  •  •  • 

0  1-  «-  O 

■  •  *  « 
9»-hQ 

•  •  •  • 
©•- »-  a 

• 

s°& 

st°s 

si!°S 

s‘i,°S 

*S°fc 

stf0t; 

sk,Qt; 

ZUQI- 

o  * 

si 

a  OM -a  o  »-  ►-  o 

t  *klofe  xk°fe 


B-  79 


CONFIDENTIAL 


RARAPETeR  INTERACTION  OFF  TAIL 
SUBJECT  TO  eONOITIQNS  RNIN  «  22S.SE  LANOA  •  SO. 00 


CONFIDENTIAL 


In 

a 

* 

< 

K 

ui 

h 

1 


> 


g 

4 


«•••  IVI  o  < 


OHO»»  4  «  m  m 

o  m  rv  Nd  m  _  ,  . . 

»  *  •  •  i  •  • 


U228SSSSSaaS*3f5*fcSJSSS8JSISp:5CS*SSgC««J;#S«j8S5t*S«S8SS«fcSas 

*  t  «  t  •  ■  *  »  •  ••••  ••••  •  »  •  •  •  •  •  *  too*  •  •  •  •  ••••  •  *  " 

HO  OHO  H  OmON  Om  F4M  ohm  M  OHfOM  OMMH  H  p<  H  H  o4»4lOH  MW  H  NBHnV 

j  **  a 

k 

N 

NKF>*  on^«  M4 -«c»  »NM  5*®S  2Si2  £ 

*•*3  kook  kh*oo  km  »■  o 

•  OO  000  •••  •  •  •  *  *  *  4  '  •  •  • 

OMH  OMh  H  HH  H  rIM  f4HM  >  WW  H 

M  *4 

8 
k 
(V 

o»k-oo  —  wo©  <y«ej&  044*  4K  m m  2r£2  »n©o  r!ft22  2122  2222  £ 

a  ooo  nhhn  idHfi  fttfimr*  «in»  4CD4o  k-  d» «®  o  4  ©^4  iff 

I  *  •  ,'  too  •  *  •  •••  •  0  o  too  •  •  t  tot  ■  I  t  •  •  ft  tfl  •  •  •  t 

o  OMO  OHO  OHO  Onto  Ohh  OhO  Oho  OHH  OHH  OhIoM  © 

n 

K 

k 

(V 

o  k  « o  c  4  hkoo  4Hif>n  ckmn  N<inin  no  om  i(ik  »4  |h  jk  2  *?  2  2  tSJ55l  2 

»  ooo  NitoS  nSiM  n  nnN4  n^Niff  44Miff  tffiffMin  wMNn  aiya  w#  j4<ft4K  ^ 


m 

•  •  *  * 
O  OHO 


2Ri!w  S 


O  HQ  O  • 


OIA4P 
Iff  ©  © 

•  I  i 

M  OHO 


■Ooo  n  h*«  K  ifltpo 

_  OOO  MHO  W  *«  *H  ftl  4  .  . .  -  .  _ - -  ------ 


t  •  t  t  t  t 


«  Oh© 


«  «  t>  d-  K  iff  4  Iff  «Kdl 

©  h.  r)  ©  *h  n  ohi 

•  it  •«•  t  i 


•r*  O  M  «-*|M  ©N 


OO  OOO  NNOO  *M  IM  O  o  NNOO  NNOO  Iff  Iff  O  ©  tf>  *>  O ;0  4  4  ^222  *"222 

*  OOO  OOO  Off  Ifl  Off  I/I  O  m  Iff  OM4  ON4  OHd  O  •*  in  O  Hff 

•  •  a  •  •••  *  •  •  •  *  •  A  «  •  •  •  •  *  •  •  •  •  •  •  •  •  *  •  • 

o  OOO  Ohio  OhO  OHO  O  *N  O  OhO  OHO  O  HO  OHO  o  ho 


e©  00  e 

N  OOO 
•  •  •  • 
CO  OOO 


»  «h  ©  e  huio  o 
OOO  ooo 
•  •  •  #  •  • 


ooo 
•  •  • 
OhO 


ooo 
•  »  • 
OH  O 


t  (VO  O  hNO  I 
OOO  004 

•  tl  •  « 


IMOO  HHOO  NNOO 

ooo  ooo  ooo 

•  ••  tit  tit 


a  o  o 
>00 


ON4 
•  •  • 
OhO 


ftjftl  OO 

O  OO 


«oin<n 


OHO  o  • 


MM  ©  © 

OOO 

•  • 


NNOO 

O  OO 


to  u  ho  a  hi 


4  *  *  • 

•  •  •  •  •  •  •  • 

•  •  •  • 

#  *  •  • 
0  k  k  0 

•  •  •  • 

O  H  K  O 

1  t  «  t 

O  K  K  O 

t  «  •  • 

Ot-hD 

•  »  1  • 
OKKQ 

•  •  •  * 
OK  t*C 

•  •  •  • 
OK  K  O 

I  uct* 
ft  Iff 

z  u  c  k  at  oo k 

ft  41  ft  iff 

?.ucs 

*  UOK 

ft  O 

Z  OCh 
ft  Iff 

2  U  OK 
ft  Iff 

IUOK 
ft  Iff 

ft  4 

*k’°t 

nn  4ff  kk  4  4  no  Off  nn  «<n  »ff  9h 
nriMff  nr>  m3  nSnit  *2*Si?  $2** 


4 

s 


2SSS  SSJK2  3*88  nSSS  SSS?  mSSS  £’+«• 


omMoo  iffooo  Piihh  0000  h4*h  iff  o  o  iff  o  k  k  4  in  r!S  JN  k«  2S22i  £ 

Ul  4  OOO  OOO  O  H  m  hhN4  hHN4  HHNff  HHlMff  HH  Nff  NNHff  NN  N4  4  »  4  4  M 
£  t  t  t  •  •••  •  •  t  ‘  ‘  *  ‘  ‘  ‘  ‘  “  ‘  “  “  “  -  -  - 


« 

o 

■4 


DO  4NK4  440  4  ►*4  44  -ffK»  © 


SO  N4 
t  t  * 


6HO  O  hP  N  hO  M 


K  «  OM  Iff 

-4  O  IV  4  IV 

N  •  t  1  • 

(V  HO  O 


H4  •  «  • 


Iff 

• 

N 

(0 

H 

m 

© 

4 


«  m  m  4 

fff  N  HHH1 

•  ■  •  «M  ft  •  • 

o  H  a  H  HO 


H-80 


CONFIDENTIAL 


parameter  interaction  jab  dess 
SUBJECT  to  CONDITIONS  RNIN  m  225.00  lanoa  -  66.66 


CONFIDENTIAL 


S  t3;SRSS5S«3SSS3S*SSSS3tSJS2SSaSSK*S?RgSSiR3JSSSSSaC3»5 

*  •  •  •  •  ■  .  >•««...  .f.  ...  .|W  »..«<*.••  *M  •  •  .  •  »  . 

<  ~  —  --  *~~~  +  »*"’«  {• 


-•  *  m  bm 

•  ooo 

O  O  *9« 

»J«H 
•  «6'« 

•  •  ■ 
O  pH  o 

RSSS 

pH  •  0  0 
HMH 

m  o«r- 
4»Sh 

H  1  O  1 
MHH 

£388 

H  •  O  6 
M  MM 

©h>4  4 
IV  •  •  • 

fW  H  H 

222* 
(V  o  o  o 
flHH 

4  •  ©  4 
NVttt  4 
Nil* 
n  (v  *h 

RSS2 

IV  0  0  0 

4  IV  h 

M»M» 

mm  «© 

IV  o  o  o 

4  (V  H 

4  44 

S2 

B  M  4  f*lh 
4niuoM 
•  1  *  6 
O  O  HO 

essa 

•  O  • 
OHO 

4  4  4© 
-OH# 
Ml  O  O  0 
H  H  O 

M*  f*>6C 

4  n  im9i 

H  O  1  1 
HHO 

322S 

664  0  0  • 
H  HO 

S638 

*4  OOO 
NHO 

n  K  4  pH 

b  m  4  © 

*4  0  0  0 

Nhh 

8C32 

IV  O  0  0 
IV  *4  *4 

►»  4»  h*  © 

*>•©►“  M 
N  •  •  • 

n  H  pH 

3223 

M  •  •  • 
m  h  ph 

sss 

4oo 

-S*' 

on»4o 

B  m  h  om 

•  ooo 

a  •  ho 

*282 
•  •  0 
O  MO 

4Kh« 

N4hI»I 

ooo 

OHO 

4  0  0  0 
«»NK) 
ooo 
OMO 

o  0>  4  n 

HONIfl 
H4  0  O  O 
pH  HO 

4  4  m  n 

Nn  n  4 

*4  0  0  0 
pH  pH  • 

►»  4  (V  «m 

*4  0  0  0 

pH  pH  O 

IV  4  10  4 
IAK4N 

pH  O  o  O 
*4  pH  O 

S3  *2 

*H  0  •  O 
MHO 

2222 
6M  O  O  O 
MH© 

O  H|*t 

M  4  4 
4oo 

H©  n 
4 

onooe 

4  H  H  O© 

•  6  1  6 

H  O  HO 

f  MOO 
NNCO 
•  •  • 
Oho 

nr»hn 

•♦mow 

ooo 

OHO 

N44I 

tfVH4 

0  66  0 
OhP 

»c  riH 
4  4  IV4 
ooo 
O  *4  0 

22R2 

ooo 

OHO 

(Vi  o  o  a 
©  ©*■»*- 
ooo 
*H  pH  O 

MM4  4 
©  *4|6)  n- 
*4  0  0  0 

H  pH  B 

SSJS 

*H  0  #  0 
HHO 

pH©  4  IV 
<V44  4 

*H  O  O  O 
HHO 

lUKIh 
4  h© 
moo 

h  n  n 
m 

B  BN  OO 

Iff  O  OO 

*  ■  6  6  6 

N  o  mo 

B  1/)  OO 
M6  6MOO 
•  •  • 
OHO 

o  4  o  n 
MIMH4 
ooo 
o  ho  o 

H®h4 

trini 

ooo 

»H0 

SSSK 

ooo 

e  mo 

4  B  M  4 
mm  n  4 
ooo 
OMO 

rnmoe 

4  4  n  4 
ooo 
O  *4  0 

©MB  4 
K  M-  M  4 
■  o  0 

0*4  O 

4  4  B  ph 

0  0  0 
OH© 

2*32 

ooo 
•  HO 

k  m  4 

44  4 

H  0  0 
~2" 

i 

o  4  4  OO 

l 4  o  on 

,  •  •  •  • 

t  n  o  ho 

No  aa 

HHOO 
•  0  O 

OHO 

•  KHin 

H  H  *9  4 
OOO 
OHO 

WNp-4 

ooo 

OHO 

o  O  f*>  o 
m n  M4 
6*6 
OHO 

M*44 

nn  M  4 

Ooo 
•  HO 

IV  *4*4  4 

4  4  N  4 

ooo 

0*4© 

KulB  m 

4  4  pH  4 

OOO 
©  PH  © 

4  4  4  K 
4  4  M4 
■  o  o 

B  H  O 

O  B  4  H 
44  M4 
ooo 
OHO 

4  £  J 
B  «  • 

4  M 

H 

PMMOO 

B  o  eo 
•  •  •  • 

4  OHO 

«  m  o  o 
ooo 

ooo 

OHO 

IWHhfi 

HHH  gl 

ooo 

OHO 

O  ■  <D  O 

■OH  PH  _•  + 
OOO 
OHO 

NhBO 

mm  —4 

ooo 

O  pm  B 

V  <c  c  h 
MM  6-  4 
ooo 
B  pH  O 

OBO  |1 

n  iv  **  4 

ooo 
©  ph  e 

*h  O  4  W 
n  ru«M  4 

O  0  * 

OHO 

V  K  hN 
4  4  M  r 
ooo 

B  H  B 

f»  4  O  H 
4  m  M  4 

0  0  * 
©HO 

•  Hffl 

B  M  M 
K  o  o 
4  fU 

pH 

ooooo 

4  o  o  o 

•  •  o  o 

1 C  ooo 

4  1*100 
OOO 
ooo 
OHO 

«  4m  4 
o  n  r- 

•  O  O 
OHO 

o  ©  m 

HH  4> 
ooo 
•  HO 

ph  oh  h.  fg 
HH(VJ4 

4  0  0 

O  MO 

44»4 

pH  ph  ig  m 

0  4  0 

OHO 

4  4  B  B 

*4  ph  <v  in 

ooo 

WHO 

4  ©  1“  *9 
-HNin 
ooo 
©HO 

©  O  4  M 
IV  IV  M  4 

4  0  0 

©  HO 

HHfH 

MM  M  4 
ooo 
•  H© 

k  n»* 

n  o  h 
4«# 
—  M 

*H 

fH  ooo 

NM  OO 

ooo 

444m 

ON  o 

•  f>  4 

*•  o  m 

B  IV  4 

©  e  e  b 

MMN4 

©  ©o  © 

*7  PH  iv  4 

H  ©  •  B 

HHH  fl 

4  4  H  4 
*h  hAI  4 

4  4  p-  « 
hphM4 

■M  H© 

4  ©  © 

«  ooo 

OHO 

OHO 

«  n  © 

e  ho 

OHO 

OHO 

OHO 

O  H  O 

OHO 

©  M 

ooooo 
o  ooo 

•  ill 

PHH  OO 

•  OO 
ooo 

MNo  O 
BOB 
ooo 

in  ir  o  © 

©  M  4 
ooo 

m  it  oo 

B  <VJ  4 
ooo 

M-  4  4  *n 
b  ph  n 

ooo 

►  4  4  m 
oh« 
ooo 

B  4  4  in 
o  p-<  m 
ooo 

4  4  4  4 

O  (V  4 
ooo 

4  4  4  4 

O  IV  4 

H  0  O 

N  n  © 
K  4  O 
4*o 

a 

4 


4 

0  0  o  0 

S?m  ►-  O 

0  0  0  0 
pKhO 

.v>-o  fihl-O 

0  0  o  0 

©*■  •-  o 

«)  o  o  o 
CH  HD 

o  o  o  o 
o »-  9-  a 

O  0  0  o 
OhhO 

O  0  o  o 

©  ►-  ►-  c 

0  0  0 
©  9-  ►- 

o 

X  UOh 

1  4 

s2°S 

*  O  O  K 
&  4 

8£°5; 

sK°fc 

2  0  0 

»- 

2 

* 


►* 


B-81 


CONFIDENTIAL 


STO.  1.69  1.23  1.33  1.90  1.75  3.01  3.99  3.65  MS  16.51  796.91 

4.69  AV6 

AV8.  42*576.81  4150T5.90  *03*75.79  38783*. 31  3T6S37.19  355*93.06  3*0*31.07  319933.60  308*31. *5  297701.63  302266.66 


JHTEHAC?leh  6FF  K0S* 

SUbJECT  t«  C  3^ti  I  7 1  0**S  R«I*  *  229.00  L**DA*  60,00 


CONFIDENTIAL 


» 

4  O  N  S  M>  HO  HN6NO  t  N  iMtfk  <  N  *  H  •  rt  >  ift  l»  O 
VKnttft«e«o>nvoMM\  on  wok  *  n  <r  o  in  i/\ 
•  •  •  ■  ■  •  •  •>■•  ■■■  •  «H  •  ■  *■  ■*  •  •  •  ■ 

*40*4  H  *4  >H  H  «4  *4  *4  *4  ,4  ft  H  *4  *4  ft  H  H  O  ft*  ft 


Dried  6HO«4  OHD^ 


** 


OHO** 

«4  *<  *-  O  K 
U  C  vH'O 


«  *  N  c  h  rt»n  in  «  *  in 

ft  B  V  <C  KOOO  fl  TlftO 


•  ■  •  ft*  m  m  i 


D  44  ftft 

«  O  -»W 

•  «  )•  H 

O  o  HP 


AVftir  ns  * w  * 


«  »  o* 

*  *  K  O 


»  »  Ol/> 
4  >ftft 


KIH  W  N 

«  «  »  W 

K  •  •  * 
WWW 


o  octoo 

IL  <©  O  OO 

(V  -  •  •  - 

■*  W  a  o  o 


ft  ft  DC 

oat 


Oft  4* 
N  W  «l  H 
W  •  •  • 
« 


O  3  a  O.J 


IHN4 

OHO 


KJNoa 


QOOQO 


a>  ►-  ►-  tJ 


^  LJ  _»  *» 


n- 82 


CONFIDENTIAL 


<ft74i,e7  jftnijl.tj  366521,4?  352742,6?  3«7«l7,92  339461,88  3410e7,89  337507.14  333523,40  313777,15  375394.09 


TABLE  B-35 

parameter  interact18N  err  tail 
sue j£tt  re  canpiTlsns  RMIi«  ■  229,00  lamda  *  to.oe 


CONFIDENTIAL 


9 

ft 


or 


-J 

LU 

U 


(K 

IU 

H 

Ul 


o 

> 


(9 


■  »NN 

we  nt  «aa  An 

Cf  ft  Px  IX  IX 

ft  <d  ft  »o 

ft  H 

o  to  o»  a 

IN  0>  ft  P--  ft 

ft  tv  H  ft  ft 

(th  NO 

X  •  •  •  * 

o«to«t 

O  H  H 

O  H  H  H 

O  H  H  H 

H  H  H 

1 

1 

1 

1 

h  h  eg 

H  H 

h  in  rg 

rx  ex  ft  pv  i 

-4 

ON  OD 

cs  an 

f  rl  3  B 

cx  x-  ft  O 

«WD« 

O  H  Px  to 

"1  ft  ft 

to 

A  Alt  It 

®  «  m  IX 

h  H  c  c  o 

Cg  M  IN  « 

ft  ft  in  tx 

K\  lf»  IN  K 

h  B  *  > 

>*  ft  m  ft 

e  o  ab 

H 

CO  H  «ft  H 

•  •  A 

O  O  H  «3 

«  H  O 

OHO 

OHO 

C  no 

C  'H  O 

Cl  H  O 

1 

1 

1 

H  H 

H  H  H 

c:  IT  ft 

IN 

OCdN« 

•  t  W  N 

Anon 

NW 

ft  to  ft  to 

04  ft  ft  tO 

ANNO 

onct 

ft 

ft  OA  H  f> 

tO  f<  (ft  (N 

Nftftt 

•o «  H»n 

«|A 

(HI*  M«l 

*  ft  »  fn 

ft  ft  rO  P«. 

«  px  ft  m 

r-  •  ft 

r-  ft  in  tc 

m  ft  to  ft 

•  MB 

ft  »  *  • 

O  Cf4Q 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

C  H  O 

r*  h 

O 

Oho 

ft  to  fg 

H 

ft  o>  -O  ft 

»iAnn 

*  O  ** 

00>  N« 

tO  M  tO  ft 

ft  to  N 

in  h  -o 

a 

O  ft  H  ft 

rx  Px  ft  to 

to  eg  r.  rg 

«n  *(« 

«  »  h  to 

K\  «  Or  IT\ 

A  A  MA 

A  a  n  a 

X\  ft  to 

I' 

IT  ft  ft  P*. 

ft  X.  ft  ft 

A  •  •  • 

o  o  h  ea 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

O  H 

a 

OHO 

o  rx  h 
H 

o*  -o  ft  ft 

ion  *o» 

ea  Ait 

fx  O  XI  IX 

ft  to  » 

ft 

to  PM  P^  x» 

ft  ft  ®  rx 

ft  ObO 

H  ©  O  O 

(V  H  C3  (V 

IN  IN  H  tO 

(X  IN  H  tO 

to  to  CM  X 

to  to  IN  ft 

to  ft  to  ft 

to  ft  to 

ft  ft  to  ft 

ft  P-  o  IN 

• 

H  0*10 

OHO 

OHO 

OHO 

OHO 

OHO 

O  HO 

OHO 

O  H 

a 

OHO 

rx  rx  h 

Q<000 

K-oatj 

HO  *  A 

to  to  <43  to 

eana 

0  0  0(0 

to  CX  H  ft 

■o  m  tN  •« 

P.  N  iN® 

ft  QUO 

o  o  o 

HH  o<N 

HWHin 

0*  H  H  W 

rx  tx  tx  m 

tx  «x  ixm 

to  eg  ex  ft 

to  to  tX 

to  to  f\  ft 

rx  ft  p^  oo 

M  »  • 

•  •  • 

m  m  • 

•  • 

•  •  •» 

IX  C*TC 

H 

OHO 

OHO 

OHO 

C  HO 

OHO 

OHO 

C  HO 

Cj  H 

o 

OHO 

AHO 

CD 

ft 

0^00 

CX  IN  Ift  K> 

jmoo* 

•  N  NK 

Hft  ft  in 

in  rx  rx  eg 

t*»  ft  H 

H 

HSOU 

uj  ft  h  rp 

H  O  H  tO 

HHNt 

H  H  *4W 

H  H  h  n 

CM  H  H  tO 

IM  A4  *m 

NNH 

nruwn 

rx  ft  in  ft 

-  »  • 

•»  ■  • 

•  •  » 

m  m  m 

“  • 

* 

•  •  • 

•o  -  ■  * 

4M  O  *4  O 

4- 

OHO 

OHO 

OHO 

OHO 

OHO 

O  H  O 

OHO 

A  t  3  3 

a  a  a  a 

»  »  »  .M 

,x  h  tx  rx 

n  ;g  A  o 

ft  >0  ft  n 

tx  i>  X  .X 

ft  ft  H 

rl 

HOJ> 

O  H>  N 

ft  <3  0  0 

o  o  o 

o  a  o 

O  (N  ft 

H  H  H  tO 

H  H  H  tO 

H  rl  "H  n 

H  H  H  tO 

H  *4  H 

CM  H  H  CN 

H  ft  »0  ft 

ft  OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

O  H 

a 

OHO 

tO  H  -3 

m  io  oo 

N  a  *11 

OBN  »n 

O  dj  H  H 

H  IlltO 

Hcllt 

ft 

ft  (XIV  ft 

H  4\J  rl  U 

O  C>  o 

C  <\  X 

o  nn 

O  H  K1 

C.'  H  tO 

H  H  O  IN* 

H  H  O 

H  H  Cj  l\ 

ft  P'  m  ft 

at  m 

iX  •  «  - 

ft  OHO 

V3  H  C 

OHO 

OHO 

C  H  CJ 

CHI- 

OHO 

O  H  C 

C ?  *  i 

o 

C  »(  C 

IX  *'  O 

O  H  H  □  D 

H  H  O  O 

")NOU 

tO  to  *0  P- 

AA  ao 

•43  43  P-  P'- 

C  ft  XI 

P*.  ft  ft  n 

n  a  * 

n 

to  no  n 

ft  IX  *0  IX 

o  a  o 

on* 

o  m  v 

a  h  to 

O  H  to 

a  h  -o 

O  H 

a  rH  ri 

H  H  IX  * 

w  m  at 

m  m  m 

ta  ta  • 

»•  *  » 

mam 

—  » 

* 

(X  -  -  - 

ao  u  h  a 

O  H  13 

U  H  LI 

a  tiu 

OHO 

OHO 

OHO 

OHO 

O  H 

LJ 

a  h  u 

iX  rt  u 

aoaoo 

a  a  a  o 

oooo 

OOOO 

-i  H  O  O 

M  H  O  O 

WM  a  □ 

mmoa 

IX  »X  cj 

A-J 

n  .m  cj  «3 

\i  a  n  > 

U  WOO 

UU  U 

U  U  u 

U  LIU 

u  u  u 

U  U  L 

u  uu 

u  u  u 

U  1— I 

o  u  u 

r*»  ftj  h  f} 

t)  (30  D 

rt 

O  O  O 

D  u  n 

o  oo 

OHO 

OHO 

OHO 

OHO 

O  H 

J 

UH  1 

"1  H  -3 

Ol)  fc-  ►-  M 

Ul  H  *-J 

tut-  t-u 

U  T  t-  U 

U-  P*  ►-  Ul 

111  H  ►*  L  i 

Ll  ►  *- 

Ul 

In  ►  PI- 

AlJ  1“  P'  A.l 

^UUk- 

a!  J  Uk 

X  u  U  H 

/  J  U  I- 

S.  U  .1  >- 

^  .lt-l 

J?  ll  J 

a  u> 

a  tn 

a.  ui 

a.  u> 

a.  ui 

Cl  in 

a  ui 

a  ui 

CL 

u. 

u  g> 

a  w) 

C3 

o 

o 

o 

Ci 

a 

O 

u 

a 

o 

O 

o 

o 

3 

o 

a 

.3 

o 

• 

rt 

o 

C3 

o 

a 

o 

o 

o 

O 

o 

X 

O 

Cl 

o 

o 

o 

cj 

Cj 

H 

IX 

tO 

X- 

xt 

•a 

p~ 

ft 

ft 

1C 

j 

v 

n 


1 1  -  a  3 


CONFIDENTIAL 


v<J 75, b.  2*6235.17  2841979,52  289359,49  2€70u?,77  2941fei,*3  299583,15  277558.70 


TABLE  B-36 

Pi*At.ET£R  I^TE«AwTJ?\  361?  DfcSS 
Jtrr  U  C-»*blTlS**S  BHI\  =  ?25,0D  L4MC*  *  OD.flO 


CONFIDENTIAL 


2  >>«nn»ni^neNflVr4^en««oc««fv4«v»<i«ANv«f<«oN»Q«KN«n«H(M)0«N»n<A^Na^« 


m  M 


„  p 

•  i 

.  .  . 

*  H  ”•  •  • 

H~«  •  •  • 

M  •  •  • 

■CV  P  •  •  ■ 

iN  p  p  •  ■ 

o>««* 
O  to  &> 
h  n 

O  H 

e  h 

Bt4d 

H  H  H  H 

1 

1 

1 

1 

1 

M  H  H  H 

CO  H  H  H 

tO  H  H  H 

*  CV  H 

H  89  CV  CV  H 

8»  rj  cv  h 

H 

f  f-  i/) 

H 

CB  «  tO  «. 

»BN  IA 

H  O  O  0* 

♦  to  »  o 

to  *  to  Ifi 

«Hon 

tO  »  »  *3 

t  me 

CV 

w  m  (v  * 

<C  N  W  h 

h  tv  «  » 

CV  H  CV 

io  in  «d  to 

*  »  o  <t 

9*  »0  M  « 

«<i»in 

H  -  -  - 

cv  •  -  - 

(V  •  p  • 

«  h 

C3 

C  ph  c 

M.H  o 

H  H  C 

IV. H  © 

(VlH  o 

•0  H  H 

to  H  H 

CO  CV  h 

8C  IV'H 

mo  e 
tO  H  H 

r».  cm  ■* 

10  cv  n*  v 

v  m  rv  tv 

»  m  to  k 

•  OWN 

mono 

B«inn 

fs  cn  n*  » 

m«  Mt 

N  O  ft  D 

CV  Cs  K 

H 

«  it  e  m 

»»cr 

CV  CV  CV  <* 

v  in  *o  « 

*  m  v  cv 

nnipo 

®c*c 

H 

aeon 

P  p  m 

H  «  m  • 

H  ■  •  • 

o  h 

o 

C  r<  C 

O  H  C 

H  H  a 

H  H  O 

H  H  O 

h  h 

CV  H  H 

tV  H  H 

10  H  H 

Hin  «  « 

<o 

*4 

H»nn 

0«  HW 

NOON 

S  H«« 

iniAN« 

c^  >©  <v  o 

to  to  IV  t- 

tv 

r*.  «  H  % 

»  »fi  i n 

H  o  cv  « 

tv  JO  H  K 

mint  b 

vr  »  ® 

noipa 

«©  H  -C  t> 

Bin  ci  n 

H  -  -  - 

H  *■  -  - 

H  •  •  • 

O  H 

C3 

OHO 

OHO 

OHO 

H  H  O 

H  H  CD 

H  H  O 

H  H  O 

H  H  O 

IV  H  O 

H  t>  V  K) 

V  l 

HOO 

o 

imoMO 

in  wo  n 

«  HN  Q0 

»  a  n 

*0  H  *0  * 

inipnin 

m  9  cv  cv 

HOC 

o 

(V  CV  D  (\| 

t  K  C  m 

m  m  cv  in 

«ClrlC 

rv  ®  cv  m 

m  t*  to  « 

O.  o  K)  « 

DtV*  t' 

h  to  «  rs 

■  m  m 

H  -  -  - 

PO  “  -  ♦* 

O  H 

o 

O  H  D 

OHO 

OHO 

BpIO 

O  H  O 

OHO 

H  H  D 

H  H  O 

H  H  O 

h  in  *o  cv 
to 

o 

■OtlMV 

e  «  u%*8 

ruin  m  ♦ 

to  tn  »  h 

♦  oinm 

u  uj  a  cv 

cv  tv  tv  to 

Cl 

tv  tv  Cl  to 

W  W  H  IP 

V  *  H  Pf 

iniMiin 

so  *c  to  « 

NN  N« 

■J  o  to  ♦ 

«  »  v  n* 

8  8* 

c.  H 

c 

CJ  H  O 

C-  H  O 

O  H  CJ 

OHO 

Cl  HO 

OHO 

O  HO 

OHO 

OHO 

H  «  CV  CV  1 

<V  1 

o 

r*.  o  tv  a 

'O  wn  m 

oo  n  tv 

o  in  i  cv 

to  CV  to  o 

^  to  to  CV 

H  »  tO  H 

V  v-  V  to 

o 

o  o  o 

mninj  m 

W  Kl  H  t 

VWN* 

v  «#  tv  in 

m  in  cv  in 

«  «min 

SB  mm 

m  m  m 

o  n 

-3 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

OHO 

a  h  O 

OHO 

H  O  tv  H 

tv 

3 

o  9*  o 

snnti 

o  3  n  v 

vr  -#  *r  cv 

!>  o  o  tv 

n  A  H« 

NOrl  A 

0  *0  :v  tv 

O  O 

o 

o  o  o 

H  H  W  <V 

iv  nrg  t 

CV  AJ  H  tO 

WDM 

K»  to  tv  9» 

to  to  tV  9* 

t  t  Nt 

in  in  tv  v 

u>  c>  to  *n 

o  *•  *  - 

Cl  H 

CJ 

J  H  O 

OHO 

O  rl  Cl 

o  H  a 

OHO 

OHO 

OHO 

a  »«  a 

OHO 

m  cv  h 

rl 

o 

I  J  o*  u  u 

>*j  mm  >o 

'0«HH 

aWipO 

NHIMt 

*n  to  o  r*. 

or>.r-.nj 

OHBtt 

o  to  O  to 

*;•  i- 

C3 

t  c  c 

HO  r^O) 

pH  Pi  H  HJ 

H  H  H  tO 

CV  H  H  IO 

CV  tv  H  to 

tvn  tin 

CV  CV  h  to 

to  to  H  to 

CV  <3  IV  to 

t»r  8»  m  p 

CJ  «- 

D 

Cl  H  C“ 

O  H  C. 

OHO 

O  H  Cl 

OHO 

CJ  H  O 

o  p-»  o 

OHO 

Cl  H  O 

CV  tV  H 

H 

CJ  O  tl)  Cl 

nwN  n 

r-  v  *a  f 

<Q  V  H  H 

ttN  Hr! 

NOtC 

t  IM  S  h. 

cj  ia  tv  tn 

«  CJ 

o 

o  o  o 

ocio 

H  O  KJ 

H  H  O  tV 

H  H  o  tv 

H  H  H  fO 

H  H  H  O 

N  N  H  O 

tv  PU  H  K> 

C>  H  H  H 

Ul  rl 

u 

U  M  U 

OHO 

OHO 

oho 

O  H  CJ 

OHJ 

•J  HU 

13  H  O 

U  rl  U 

CJ  *V  H 

H 

■o  o  -0 

a 

•MOI  O  O 

♦  “JO  CJ 

•A  *  O  rj 

t>  ~Ct  13  O 

O  O  O  O 

O  O  o  O 

H  t*  O  O 

♦  i-4  a  o 

CMN  ft 

h.  «  r>  O 

,  ^“1. 

ui. 

»-*  !■'  lU 

‘Vl.*-! 

u  u  u 

u  uu 

rl  u  u  (J 

HU  U  U 

ii  rl  U  u 

H  H  d  IV 

n  ■  - 

■5  <■> 

d 

'J  ri  a 

OHO 

OHO 

OHO 

ana 

OH  □ 

«>  h  a 

CJ  H  r-j 

cj  H  n 

a>  cv  h 

(.1 

lU  H  h  n 

UJ  H-  ►-  t-i 

Uj  r-  t-i 

P  P  P  P 

U<  K  6-  L> 

Uj  ►-  ►-  Cl 

U>  H  1-  1 1 

tU  t-  t-  i-J 

It/  t-  ►  t. 

uV.\: 

*— 

^  d  :J  — 

/  a  J  h 

/IJUf- 

*.  J-IH 

/  U  Ur- 

.  J  J  i 

rf-  d  -J  r 

a 

U.  VI 

o.  i/i 

a  v 

a  ui 

U  U> 

ti.  VI 

a  v- 

U  V> 

U  Vi 

a.  ui 

0 

c » 

ts 

Cl 

O 

CP 

Cj 

Cr 

C- 

o 

O 

ji 

o 

l_» 

O 

U 

• 

p 

m 

■ 

■ 

u 

o 

O' 

o 

CJ 

O 

(3 

CJ 

L3 

X 

t  • 

c. 

u 

c_ 

o 

n 

o 

o 

H 

rv 

~n 

♦ 

n 

■O 

r-. 

Os 

J 

B-84 


CONFIDENTIAL 


Sfff  *  “»'!  LT!.'"  '"T 


’T5”" 


*256eC,12  391033,97  i7b73t,8l  3625*0,17  3*8635.29  33B278.7*  325671,24  319212,01  305289,16  302288,66 


CONFIDENTIAL 


d.  Pulse  Altitude  Line  (R-H) 

i.  Range  acceleration  (ARDDOT) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-37 

(b)  Tail  sector  -  Table  B-38 

(c)  Full  sphere  -  Table  B-39 

ii.  Azimuth  line  o£  sight  acceleration  (AWKDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-40 

(b)  Tail  sector  -  Table  B-41 

(c)  Full  sphere  -  Table  B-42 

iii.  Elevation  line  of  sight  acceleration  (AWJDF) 

(a)  Nose  sector  (AI  radar  coverage)  -  Table  B-43 

(b)  Tail  sector  -  Table  B-44 

(c)  Full  sphere  -  Table  B-45 
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6.  Miscellaneous  Interactions 

a. ,  Minimum  Range 

(C)  Figure  B-34  io  a  plot  of  the  range  versus  proba¬ 
bility  of  occurrence  for  full  sphere  coverage.  If  a  0.95  probability 
of  track  is  desired,  2.5%  of  the  range  data  at  the  minimum  and  maximum 
ends  of  the  distribution  can  be  eliminated.  Using  this  2.5%  criterion, 
the  minimum  range  requirement  is  765  ft.  for  a  full  coverage  tracker. 

(C)  Figure  B-35  is  a  plot  of  the  range  versus  proba¬ 
bility  of  occurrence  for  AI  radar  coverage.  Using  the  same  criterion 
as  for  the  full  coverage  case,  the  minimum  range  requirement  is  1200  ft 

b.  Aircraft  "g"  loading. 

(C)  Figure  B-36  is  a  cumulative  probability  that  the 
"g"  loading  was  greater  than  a  certain  value.  As  an  example,  5%  of  the 
time  the  aircraft  was  pulling  6  or  more  "g's". 

c.  Glint  Interaction  (Fig.  43) 

(C)  The  parameters  Interacted  in  order  to  give  a  pre¬ 
liminary  look  at  glint  were  range  versus  target  rate  of  rotation  for 
various  target  aspects  for  AI  radar  coverage.  Target  aspect  in  this 
case  is  referenced  to  the  nose  of  the  target  aircraft.  The  data  for 
the  162°  to  180°  target  aspect  case  represents  a  small  amount  of  data. 
The  effect  of  the  small  data  base  can  be  seen  in  Fig.  43  as  widely 
varying  noise  on  the  average  target  rate  of  rotation. 

(C)  Referring  to  Fig.  B-37,  it  can  be  seen  that,  as 
the  range  to  the  target  decreases,  the  rotational  rate  of  the  target 
increases.  This  rate  increase  increases  the  frequency  of  the  glint, 
thus  lessening  the  effect  on  the  tracking  circuits  at  close  range.  Ihi 
indicates  that  it  is  possible  to  increase  the  tracking  loop's  bandwidth 
at  short  ranges  without  worsening  the  glint  problems.  A  notable  excep¬ 
tion  to  this  is  the  head-on  case  where  the  target  is  nonmaneuvering 
prior  to  a  flyby.  In  this  caBe,  an  increase  in  bandwidth  will  probably 
cause  an  earlier  break  lock. 
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CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  RANGE  FOR  FULL  SPHERE  COVERAGE 


iTIVE  PROBABILITY  DISTRIBUTION  OF  RANGE  FOR  AI  RADAR  COVERAGE 


CUMULATIVE  PROBABILITY  DISTRIBUTION  OF  ACCELERATION  PER] 
TO  BODY  AXIS  FOR  FULL  SPHERE  COVERAGE  AND  MINIMUM  RANGE 


AVERAGE  TARGET  RATE  OF  ROTATION  AS  A  FUNCTION  OF  RANGE  AND  TARGET  ASPECT 
ANGLE  FOR  A I  RADAR  COVERAGE 
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7 .  Data 

Tables  for  Miscellaneous  Interactions 

a .  Minimum  Range 

i.  Nose  sector  (AI  radar  coverage)  -  Table  B-46 
ii.  Tail  sector  -  Table  47 
ill.  Full  sphere  -  Table  B-48 

b.  Fighter  G's 

Full  sphere  -  Table  B-49 

c.  Glint 


Nose 

sector  (AI  radar  coverage) 

(a) 

Target  aspect  angle 

(LAMB-T)  0 

to 

180 

m 

Table 

B-50 

(b) 

18 

to 

36° 

m 

Tab  le 
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